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PREFACE. 



The employment of electricity as a method of physical dia- 
gnosis in diseases of the nervous system is now recognised by 
neurologists as an important aid in their investigation. As 
information on the subject is more widely extended, this fact 
is being impressed upon the profession in general. 

It has frequently been pointed out to the author, by 
students and others, that we do not possess in the English 
language any practical systematic work devoted to this subject. 
In the following pages an attempt is made to supply this want. 

The task has been by no means an easy one. Our know- 
ledge of the whole question is imperfect, its literature is 
limited, and its doctrines are uncertain and conflicting 
in their testimony. This treatise professes to supply in a 
condensed form all that is definitely known of the subject up 
to the present time. 

Without claiming to contain new discoveries the contents 
of this book are so far original, that all the facts therein ad- 
vanced have been verified personally by the author, and all 
the cases detailed, have with one exception, been observed and 
reported by himself. Of these the large majority have been 
under his own treatment, and as regards the exceptional few 
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he is indebted to his ooUeagnes and friends for permission to 
place them on record. 

The cases reported are not intended in every instance to be 
a complete clinical record. Snch particulars are only given 
as serve to establish the diagnosis. 

This treatise is, therefore, only what it professes to be, 
the systematised experience of a practical worker, and aims 
at conveying to its readers the means of utilising at the bed- 
side a physical agent of great value, in the investigation of 
an obscure class of diseases. 

The author has to acknowledge the kind help of Mr. 
Charles Hebbert for his assistance at many of the clinical ob- 
servations, and for the revision of the proof sheets of this 

volume. 

A. H. B. 

London. 

July, 1882. 
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DISEASES OF THE NEKVOTJS SYSTEM. 



CHAPTER I. 

Introduction — Electricity as a pHYaiCAL Aqekt in thk 

Diagnosis or Diseases of the Neevous System. 
The advances which medicine has made during the last 
generation as a practical and scientific art, is in great 
part the result of the application of physical agents to the 
pnrpoBes of diagnosis. From the earliest period of its history 
to comparatively recent times, the accurate appreciation of 
disease in the hving subject has been in the highest degree 
unsatisfactory, depending as it did upon the vague and un- 
certain statements of the patient, and the symptoms observed 
during life by the unaided senses of the physician, hence 
the comparative uselessnesa of the vast number of accumu- 
lated observations and opinions recorded during many 
turies. As general knowledge advanced and the members ol 
our profession received a more liberal and universal educa- 
tion, physics in its various branches has been taken advan- 
tage of as a means of assisting and supplementing our powers 
in the investigation of morbid Btates. Acoustics, optics, 
mechanics, and chemistry, more especially, have up to the 
present, chiefly lent their valuable aid in this direction, aud 
as our learning further advances doubtless other branches of 
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physics will be enlisted for the same object. It is unneces- 
sary to advocate the importance of the stethoscope, the 
ophthalmoscope, the laryngoscope, the microscope, the spe- 
ciilnm, the thermometer, and many other such instruments 
employed for the purpose of exact precision and research. 
Besides revealing to us conditions which without their aid 
would be unknown, they give us the means of establishing, 
demonstrating, and recording, healthy and diseased states in 
a manner at which our forefathers could only surmise, thus 
raising medicine from a calling of mere speculation and 
hypothesis, to as near an approach to an exact science as a 
study of hviiig beings can attain. In this way the diagnosis 
of many diseases formerly impossible or uncertain is by these 
physical means now reduced to a certainty. Affections of the 
eye, the throat, and other cavities of the body can be 
thoroughly explored, and their condition displayed, the state 
of the organs in the chest, the existence of fever, and a 
variety of other morbid states can be demonstrated with an 
accuracy and recorded with a precision which a century ago 
would have been impossible. This improved diagnosis must 
necessarily in turn have a beneficial effect, on what after all 
is the final aim of our art, namely the successful treatment 
of disease, as a rational knowledge of the nature of the mor- 
bid state, must always preceed the intelligent attempt at its 
cure. 

A large and important class of diseases, namely those of 
the nervous system, have more especially baffled our attempts 
in this direction, and when we consider what comphcated 
and delicate structures are here involved, our comparative 
ignorance of even their healthy functions, and our still 
greater want of knowledge of their conditions in disease, 
any agent which can throw light on these difficult problems, 
cannot fail to prove of immense practical service. In com- 



KLKCTRICITY At 

paratively recent timeB electricity in its different forms has 
been utilised for this purpose, and although at present our 
knowledge of all its advantages is as yet imperfect, there are 
already enough facts to indicate the great practical impor. 
tance of the subject, and to point to a vast field of research, 
which will doubtless lead to future profit. In the arts, elec- 
tricity, as a physical agent, has taken a place, probably 
second to none, in contributing to the comfort and con- 
venience of mankind, and daily do we see introduced new 
applications of its marvellous potvers, employed in useful 
directions. In biedicine its positioa hitherto has not been so 
firmly established amongst the mass of the profession, as 
poaaibly its importance deserves. It is not my purpose to 
enter Into all the causes of this neglect, beyond suggesting 
that doubtless the expense, comphcation, and labour hitherto 
connected with the apparatus, c&mhined with a want of 
knowledge of its properties, has in. great measure rendered 
its use inpracticable and unpopular. This feeling has further 
been fostered by the fact that for a long time, and probably 
for the reasons stated above, the treatioent of disease by 
electricity has chiefiy remained in the hands of specialists, 
and often in those of unscrupulous persons who have brought 
discredit upon the a^ent by utilising it for their own, rather 
than for scientific or pubhc advancement. A prejudice has 
thus arisen against electricity generally as apphed to medi- 
cine, which may take time to eradicate, bat if Its principles 
be genuine and its advantages substantial this will soon be 
effected, and indeed in great part this has already been 
attained. In these days a physician totally ignorant of the 
elements of electricity, and their practical apphcations in 
paralytic affections, must be looked upon in the same hght aa 
that of the older practitioner, who from his inability to use it, 
refused to admit the utility of the stethoscope, and who in 
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consequence failed to take advantage of the means of 
diagnosis with which modern discovery provided him. The 
question of expense, bulk, comphcation, and knowledge of 
electrical apparatus and it properties, although by no means 
yet perfect, is suflSciently so for practical purposes, and the 
above mentioned prejudices can in no way reasonably apply 
to its application in diagnosis ; no one need therefore excuse 
himself from entering upon an investigation calculated to 
facilitate our researches into the nature of so obscure and 
complicated a class of diseases as those of the nervous system. 
The question may now be asked — In what way does 
electricity assist us in diagnosis ? This may be briefly 
answered thus. It enables us accurately to determine the 
anatomical conditions of nerve and muscle, as it has been 
ascertained that these bear a constant relation to the elec- 
trical reactions. At first sight this appears a small matter, 
but on consideration it will be found that the knowledge 
thus attained is no less important than that derived from 
the other physical sources we are accustomed to rely upon 
in the diagnosis of disease. Take the most popular of all 
these as an example — the stethoscope. This instrument 
reveals to us certain sounds within the body which are, after 
all, very Hmited in number. These by themselves prove Httle 
or nothing, but when combined with other methods of re- 
search, such as palpation, percussion, etc., they enable us 
with great exactitude to arrive at the anatomical condition of 
the organs. This, again, in association with the history, 
symptoms, and other circumstances of the whole case finally 
permit us to complete our diagnosis. Precisely in the same way 
we do not by electricity alone profess to settle all the difficult 
and compHcated problems met with in diseases of the nervous 
system, but, as with the stethoscope, we determine by its aid 
certain physical changes in the tissues, the knowledge of 
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■which, in conjunction with all the other bearings of the case, 
materially assists us in arriving at a correct and scientific 
conclosion. "We shall afterwards see that in health tho 
■various currents produce well marked and definite pheno- 
mena when appUed to nerve and muscle, and so constant are 
these that fixed laws can be deduced for our guidance. Wa 
shall also find that in disease these conditioDS are in propor- 
tion altered. It is the carefnl consideration of the relations 
which exist between these two states, and the practical advan- 
ta 1 h It th fr m which constitutes the art of 

el tr d a n In tl way, by demonstrating the his- 

t]{,al ndtn fnrv and muscle, we obtain most 
aluabl mf mat n n nmg the functional activity, aa 
wllath ntmaltt f two great systems, namely— 
the peripheral nerves, and the muscles. This by itself opens 
out a ■wide field of practical utility, involving as it does tiie 
diagnosis and prognosis of injuries and diseases of all tha 
uei-ve trunks of the body, and their terminations, also all tha 
numerons afi'ectionff to which musciUar tissue is Uable. Not 
only is such knowledge most important in determining the 
nature and extent of disease in these structures themselves, 
but recent investigations have indicated that from such alter- 
ations Tve can frequently infer the condition of distant parts 
and centres, such aa the spinal coed and brain. It will bo 
shown that in certain forms of paralysis from disease of the 
cord, trophic and electrical changes ensue, which are so cha- 
racteristic as to enable us with great certainty to differentiate 
between tbem, and also from the peripheral lesions already 
referred to. Again, loss of motion from cerebral affections 
are succeeded by tolerably uniform results, totally different 
from those caused by disease in other portions of the nervous 
Bystem. Thus, whether loss of voluntary motion is due to 
failure of muscle, peripheral nerve, cord, or brain, electrical 
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tests in each give distinctive evidence, which often, by itself 
alone, determines the exact diagnosis, and without which a 
decision would be uncertain or impossible. 

Such in general terms is the object we attempt to arrive at 
with electro-diagnosis. Like every other new art there are 
difficulties to be contended with in acquiring skill and dexterity 
in its application, and in ehciting useful facts. These, for- 
tunately, are not insurmountable, but from the comphcated 
nature of the structures involved, and the delicate manipu- 
lations necessary for their investigation, — knowledge, care, 
and patience — ^will always be required. 

Before proceeding to the clinical aspects of electro- diagno- 
sis, certain preliminary information is necessary on the part 
of those desiring to profit by its revelations. For the 
convenience of those who wish systematically to study this 
subject, it is proposed to consider the subject under the 
following heads. 1st. The apparatus essential for diagnostic 
purposes, without in any way entering upon the subject of 
electricity proper more than is necessary to give an intelligent 
explanation of the instruments required. 2nd. The anatomi- 
cal knowledge necessary for conducting the enquiry, consist- 
ing of diagrams of the superficial muscles and nerves of the 
body, and the termination of the latter in the former. Also, 
without entering too deeply into topographical descriptions, to 
explain such details as are indispensable for actual practice. 
8rd. The action of electricity on healthy tissues, and the 
results of physiological enquiry and experiment. 4th. The 
action of electricity on diseased tissues, and the results of 
pathological observation and research. 5th. A series of 
clinical cases in which the electrical reactions are illustrated 
in all the chief forms of paralysis from every source, with a 
consideration as to how far these phenomena assist us in 
diagnosis and prognosis. 
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CHAPTEK II. 



¥hk Appabatub NscBaaABY pob ELECTBO-DuaNOBiB. 



In following out any method of reaearcli whicli requirea for 
its elucidation the aid of physical agents, for BucaesB to be 
ensured, it is neceaaary that we ehould become acquainted 
witli the general principles of the science which iu to guide 
■ us, and with the construction of the instruments we employ. 
This is especially importaut in electrical investigations, as, 
in order to arrive at accurate conclusions, a certain know- 
ledge of the subject, as well as manipulative dexterity is 
essential. It would be entirely out oi place here to euter 
into details concerning either the science of electricity iu 
general, or the mechanism of the various batteries and other 
apparatus in particular, as such are to be found in the 
numerous test-books and treatises which deal with these 
questions. In beginning this enquiry it must therefore be 
assumed that the student has alrendy mastered the clementB 
of the science of electricity, as well as the general method of 
its practical appUcation iu mediciue. Without professing to 
enter at length into these important matters, it is at the 
same time necessary, in dcahng with a special subject, to 
make some reference to the mechanical agents aasociated 
with it. As far as our knowledge of electro -diagnosis has 
yet advanced, certain forms of electricity and special mechan- 
ical contrivances are essential, and. to these, and these alone, 
will reference be made, and only such brief considcratiouu 
will be advanced as seems necesaas^ for the guidance of tho 
worker at the bed-side. 
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ELECTBO-DIAGNOSIS. 



For the purposes of electro-diagnosis two forms of current 
are absolutely necessary, — the Induced or Faradic, and the 
Continuous or Galvanic. 



The Induced oe Faradic Cubbent. 

The apparatus from which this is derived consists of — 
1st, a battery of one, two, or more elements ; 2nd, a primary 
coil of short thick wire ; 8rd, a bundle of iron rods inside the 
primary coil ; 4th, an automatic interrupter ; 5th, a second- 
ary coil of long thin wire ; and 6th, an apparatus for chang- 
ing the relative position between the primary and secondary 
coils, and thus regulating the strength of the induced current. 
The different arrangements of these essential parts constitute 
the variety of Faradic machines met with in commerce, and 
many of these have attained^ a most convenient and useful 
form. Whatever special shape the apparatus may take, cer- 
tain particulars are requisite and absolutely essential for 
diagnostic purposes, and in selecting a battery care must be 
taken that none of these are absent. 1st. The battery must 
be sufficiently powerful, as for investigating the condition of 
diseased nerves and muscles we frequently require a current 
much stronger than is ever employed in treatment. 2nd. As 
the secondary current is usually selected for diagnosis, there 
must be some means of regulating its strength. At one time 
we may require a very feeble and dehcate current, and at 
another the most powerful attainable from the battery. An 
apparatus is necessary not only to afford us each of these, 
but any intermediate strength that may be desired, and 
means must exist to enable us to pass from the weakest to 
the strongest applications very gradually, so as to avoid 



eliocks and unnoccssary pain. 3rd. A method of measuring 
and recording the strengtii of the secondary current, eo tliat 
the same amount can again lie referred to. Tliis is easily 
accompUshed by mechanical arrangements which regulate 
the ilistance between the two coils ; and 4th. The interrup- 
tions of the current must be so arranged that they can be 
made as slow or as rapid as the operator pleases. 

These various requirements are carried out more or less 
euocessfuUy in moat of the machines to be obtained from 
ordinary makers, if not they are useless for the purposes of 
electro- diagnosis. The power of the Faradio current de- 
pends : Ist, on the strength of th« battery current; 2ud, on 
the thickness and length of the primary coil ; 8rd, on the 
thickness and length of the secondary coil, and 4th, on the 
relative position between the two coils. In the various 
machines as at present constructed, the coils can be arranged 
to a certainty, as well as the relations of one to the other, 
and the number of interruptions made to the current can be 
exactly determined ; but we have no means of regulating the 
strength of the battery current which is to pass through the 
primary coil. This last can be mcaiiured by a galvanometer, 
but we have no means of so modifying its power ae to obtain 
the esact amount of electricity we may require. A perfect 
instrument would bo one in which a current that could be 
measured and regulated at will, was passed through Uie 
primary coil, the wire of wliich was of a known thickness and 
length, this inducing a current in a secondary coil also of 
ascertained composition. The (secondary current thus in- 
duced with its Luterruptions woiJd then be capable of mea- 
Gurement witli exactitude. For some time past I have 
endeavoured to devise some means of carrying these require- 
ments into execution, but hitherto without success, the great 
difficulty being to regulate the strength of the primary cur- 
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rent. Donbtless those better acquainted with the subject of 
electro-physics than I profess to be, will some day be more 
fortunate, in which case they will provide the physician with 
a more accurate instrument than we now possess, and which 
will prove of the greatest practical and scientific value. At 
present we are dependent for the constancy of the primary 
current, on the stability of the cells employed, and although 
these are selected of such a kind as will vary in power as 
little as possible, still even these undergo constant changes 
under different conditions, which renders the secondary cur- 
rent variable. For practical purposes, however, it has been 
found that this arrangement, if it cannot be looked upon as an 
exact instrument for very delicate measurements, gives a cur- 
rent which is suitable for comparative and all ordinary clini- 
cal observations. As to the exact form of the battery to be 
selected, that depends upon the fancy of the purchaser, the 
the chief point to be attended to, is that it possesses all the 
requirements mentioned above. If size is of no object, and 
the battery is to be a stationary one, the larger the apparatus 
is the more durable and less likely to go out of order it will 
be. If portability is required there is no difficulty in suiting 
every taste.* 

* A point not altogether unimportant is the cost of a Faradio apparatus. 
The price of most makers is unnecessarily exorbitant, as in reality the ele- 
ments of which it is composed are not expensive. If the proper quarters are 
discovered a battery can be had for a very reasonable price. One suitable 
for all the purposes of diagnosis and treatment, capable, if carefully treated, 
of lasting in good condition for several years without repairs, should be pur- 
chased for a sum not exceeding two guineas. Gaiffe's induction apparatus 
can be bought for £1 la., and is so far convenient that it can be carried in 
the pocket, and is therefore very useful in private practice. For hospital 
and consulting room work, a larger machine is preferable. 
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The Costisuous or Galvanic Cukeent. 

This ifl derived from a battery properly ao called, conBiet- 
ing of a number of elements arranged in series. A great 
variety of different forms of cell are in use for clinical 
purposes, a description, or even, ennmeration of wbieb is 
here unnecessary. For electro -diagnosis certain essentials 
are required, whatever kind of galvanic battery is used. , 
1st. The current must be sufficiently powerful. This cannot 
be estimated by the number of cells, as the different kinds of 
elements vary greatly in strength, and the power of the same 
cell changes under certain conditions. For diagnostic pur- 
poses a battery must be capable of developing a force of at 
least 75 volts (the electrical unit of strength). For example, 
a Leclanch^ cell generates a strength of about If volts, hence, 
if these elements are employed, a battery of 50 cells is re- 
quired. Whatever form of cell be used, a proportional* 
number must be employed to make up the standard strength 
above stated. 2nd, Constancy and durability are of the 
greatest importance in medical batteries, and depend entirely 
npon the nature of the element used. Taking again the 
Leclancb^ cell as an example, — a battery of these has been 
found to be sufficiently constant for all practical purposes ; 
and as to durabiUty, it will last in good condition, vith 
moderate use, for several years, and without requiring any 
repairs whatever. There are several modifications of the 
Leclanch4 element, which are said to be improvements, but 
in the event of any doubt existing as to the choice of a 
battery, the physician can scarcely be wrong in providing 
himself with one from that maker. 8rd. Portability. — A 
batter)' for the bospital and consulting room should consist 
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of large stationary cells, as they are the cheapest, most dur- 
able, and less liable to get out of order. Even when port- 
ability is necessary, it is best not to procure too small elements 
as these generally prove unsatisfactory. A workable battery 
to be carried about, for diagnostic purposes is the ordinary 
40 cell Leclanch^.* 4th. Certain accessories are essential and 
must accompany the galvanic battery. These consist of — 
1st, a means of regulating the strength of the current ; 2nd, a 
means of alternating or reversing the current ; 3rd, a means 
of indicating and measuring the current ; 4th, k means of 
interrupting the current. 

1. Current Graduation. — The apparatus must be so arranged 
that we can apply the feeblest or the most powerful current 
according to necessity, and also any intermediate force that 
may be wished. It is important that this should be done 
very gradually, so that fine grades of power may be reached, 
and the change from weak to strong be accompHshed with- 
out sudden shock. This may be effected by a collector — an 
instrument which enables the different cells to be put into 
action as desired. Thus the fewer the elements brought 
forward the weaker, and the larger the number the more 
powerful the current. The chief point to be noted is, that by 
this means not more than two cells at a time be arranged to 
advance at once, otherwise the changes are too sudden. The 
graduation of the current may also be carried out by a rheo- 
stat, which consists essentially of a resistance. This may be 
composed of thin wire, water, or other badly conducting 
substances, which can be graduated or measured according 
to necessity. Therefore the greater the resistance introduced 
into the circuit, the feebler the current will be, and the less 
the resistance the more powerful it is. Following this 

* The cost of this io a plain box without aocesBorieB should not exceed 
£4108. 



principle inBtrumentB have been (ievieed which are ex- 
tremely convetiient for practical purpoBes, and which can 
equally be applied for regulating the streugtli of both .the 
faradic and galvanic currents. The rheostat liaa this advan. 
tage over the collector— that it ia portable, and can he 
attached to any apparatus, while the latter ia of neceesity 
a fixture to its own particular hattery. The first, more 
over, employs all the cells at once, while the last only uses 
those put in action. Finally, by having a powerful resis- 
tauce included in the circuit, the modifying effects of the 
various conducting media throughout the body are less 
marked, 

2. Current Alternation. — This consists in reversing the direc- 
tion in which the current is flowing, so that the operator has 
the power of making a given electrode either the positive or 
negative pole. This ia effected by means of a commutator or 
alternator. Of theKe, there are many different forma which 
for all essential purposes are equally useful. Perhaps the 
most convenient is the three stud commutator. 

8, Current Interruption.— The object of this is to have the 
power of opening and closing the passage of the current at 
will, or of making these interruptions slow or rapid as re- 
quired. There are also a great variety of instruments for 
effecting thie end, but I shall only mention the two most 
Buitahle for diagnostic purposes. For slow interruptions an 
apparatus iti introduced into the electrode which the operator 
holds in his hand, and by means of pressure on a spring with 
his finger, he can make or break the current as he wishes. 
This is called the interruplimj handJe. For rapid interruptions 
a riieotonie is employed consisting of a toothed wheel, which 
when turned by a handle, qulukly makes and breaks the 
current. 

4. Current Measurement. — This is accomplished by means of 
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• 

a galvanometer — an insixument which, if our present know- 
ledge of electro-diagnosis has not rendered indispensable, is 
a great convenience in all electrical manipulations. Although 
it is of immense importance in treatment, owing to the 
vibratory oscillations of the needle, wo are unable to measure 
the temporary applications of electricity in diagnosis, but 
doubtless as improvements are made in its construction, we 
shall become possessed of an instrument which will prove of 
great practical value. Although the galvanometer cannot 
be used for accurate measurements in diagnosis, it should 
always, if possible, be included in the circuit, as it is an index 
to the proper working of the battery, and a rough estimate of 
the strength of the current. 



General Accessories. 

Author's Element Board. — The accessories of the galvanic 
current just enumerated, are absolutely essential for the prac- 
tice of electro-diagnosis. All of these, however, are rarely 
present in the ordinary batteries supplied for medical pur- 
poses; I have therefore had constructed an element board 
which contains all these necessaries, and possesses also other 
conveniences (fig. 1). This is arranged in a portable form 
and can be readily attached to any battery. To this is fixed 
wires from both the faradic and galvanic apparatus, and by 
means of a switch, either of the currents may be directed 
through the pair of rheophores to which the electrodes are 
attached. Both currents pass thiough the same rheostat 
which regulates their strength. The galvanic current further 
is connected with a galvanometer, a commutator, and a rheo- 
tome. Thus the two batteries being attached to the element 
board, either current can be passed through the electrodes, 
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eitlier can be regulated, measured, mterinpted or alternated ^^H 


as desired.* ^^H 
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•Figl, Aathor'a dement hoard. A A. Binding Bcrows for Bttaohing ^H 


gilvanic current. B. B, Binding .erBWB for attaching faradic current. ^H 


C. C, Binding: EereiiB for attaching the alactrodes. D. A rheostat for re- ^^| 


gnlating the strength of both galranio and faradio CDrreDtB. E. A gal- ^H 




1 Bheotomo for rapidly intcrrnpliDg the galsanio onrrent. G. A twitch, the ^^H 


taiDiDg of which caases either the bradic or gaWanio cDirent to put ^^H 


through C. C. H. A commntator 1. Lid of element board containing ^^H 


handle, plate el.rctrode, and rbeophoree. ^^H 


The faU Btrength of both batteriea should be applied ta the attiuhmeDt at ^H 


the element board, that ia, atanming the rheostat ii auScieutl; powerfnl ^^| 


to thoroughlj control them. In the cose of a etrange initrament being Died ^^M 


tbr the Brat time, this mnit be eiperimentall; a»»rtaiDed. TbU u eimply ^H 




1 the batterr current till a minimum of action iiBwxrtaioed through it. The ^^| 


■pparatai U then in a controlhible condiUon, for by redoeiDS the reiiitACce ^H 


in the element board, the strength of the coirent ii tbereb; iacreaKd. ^^H 


' Thia element board ha> been made by Mr. ThistletoD, of Old Qaebec ^^M 


Street, Londan. ^^M 



16 ELKCTHO-DIAONOBIS. 

Rkiophore.'i. — These are tlie wirea by wtiicli tlie ( 
acceeaories of the battery are connected with one anothei 
These should consist of fine copper telegraph wire, i 
with india-rubber, and this further covered with some woolat 
silt, or other material. The rheophorea should be of dii 
colours BO &3 to avoid oonfuaion in selecting the poles. 

Electrodes. — For electro- diagnosis two forma of electrod 
are employed. One is a fixture on an indifferent part of t 
patient, such as the abdomen or back, the other is held i 
the hand of tlie operator, and is used hy him for ma 
observations. The most convenient form for the first is 
of a jiat plate, made of pliable metal, such aa tin, and on i 
Fig. 2. back of which is a connecting si 

for the purpose of attaching the rbe 
ophore. This may be of any e 
or shape, but a suitable form ia tl 
of an oval about three inches loi^ 
and two and a haK hroad. This^ 
encloaed in a moveable cover ct^ 

ling, on one side of wash-leatb 
and on the other of water-pra 
sheeting. When the former ; 
moistened and placed on 
the latter protects the clothes ( 
the patient from wet. (Fig. 2).* 

The other electrode, and 
with which the operator condnoll 
hia manipulations, is called the handle. GaiSe'a interrupti 
electrode is that most commonly used. It consists of a 
handle in which ia placed an ivory button connected wifiB 

• Fig. 2.— Flat plata electrode (half-siKe). A. Motal plata, I 
Burew. C- Waali-leather covering for front of plate. D. Water-proof she* 
ing for back of mavablc cOTcrine. E, Wasli -leather portbn of front of D. 
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the intemipting apparatuB, The whole ia eurmounted by an 
olive -shaped carbon head, covered with wash-leather, which, 
when molBtened, can be apphed to the earface of the skin. 
(Fig. 3).* 

It is scarcely necessary to ob- 
eerre that the old-fashioned system 
of dabbing sponges fixed in cups on 
the skin is utterly nseless for all 
delicate diagnostic investigations. 

Author's Combined Electrode. — 
Those who have practical dealings 
with the electrical apparatus now 
in ase, will donhtless have satisfied 
themselves of the many inconveni- 
ences inseparable from it. As be- 
fore stated, most of the batteries 
Btipphed for medical purposes are 
wanting in some or all of the 
accessories which are absolutely 
indispensable for diagnosis. Even 
the element board already described 
which supplies these deficiencies is 
not without its disadvantages. The 
practical worker at the bed- side will 
have experienced the difficulty and 
inconvenience of using one hand 
for the handle, and the other at a 
neighbouring table for moving his rheostat, alternator, etc. 
8uch manipulations are not only troublesome, but lead to 
inaccuracy, as then the attention of the observer is dl>-ided, 
and his position has to be constantly rearranged and altered, 

* Fi^.a— Gaiffs'sititamiptiDKhudIe(half<iie). A. SolidhandJe. B. Ia 
terraptpr. C. Binding tcrew. D. OliTe-hesdedelectrodecorn-ed witli wuh- 
lutbei. 
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which render delicate experimenta very difficult. To obviate 
these dig advantages I have had an iniitrument coostructed 
oonsieting of a handle iu wliich all the essBntial acceaaoriea 
for diagnosia are inserted, and aJl of which can he woried 
by one hand (fig. 4). This acts as an electrode, and also 
Fig. 4. interrupts, alternates, and regu- 

lates the strength of both the fara- 
dic and galvanic carrents. The 
details of the apparatus are so 
arranged that the observer holding 
the instrument in his hand and thus 
applying it to a muscle or nerve, 
can, by a movement of his thumb, 
reverse, open or close, increase or 
diminish the current, without te- 
' moving the electrode from the 
tissues to which it is applied, and 
without occupying his attention or 
naovemeuts beyond the simple ac- 
tion of one finger. It has alao 
the important advantage that it is 
portable, and can he attached to 
ajiy battery, thns rendering the 
ohserver independent of the de- 
ficiencea of most apparatus. As 
a matter of practical experienoe 
I have employed this combined 
electrode for some time, and 
find that it euccesafuUy performs 
the ends for which it 
structed.* 



• Fi^. 4. Author's Combined SUctrodt (lifllf eize).—A. The handlfl, 
Ara two caaneoting acrens to which are atUohed the poaltivG and negatil 
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CHAPTER III. 

Anatouical Knowledge Kecessabv fob Elbctro-Diagsosis, 

In electro- diagnostic investigations we have to deal with 
muscles and nerves. As our object ie to limit the etiinulat- 
ing effects of the current to the point at which the electrode 

potea of the batterr- C. Is a metal or carboD point covered with woah-UaUier. 
In the figure this is of ik conTCnient ihBpe for electro -diagnoatic parpodci, b; 
which, vither a ler; fine point or a coniiilcrable surface can be applied to 
the ikin. This mij be nnsorewed And other heads at different shapes and 
■iiei filed on ■■ necessitj maj require. D. Is a binding screw for the other 
electrode which is applied to tbe patient in order to complete the circuit. 
E. Ii ■ lerer hr alternating the current, when moved towards + the point 
C ie the positive, and when towards — it is the DegatiTe pole. F. la a peg 
which when preued dowu, closes, and when it moves hack by means of a 
■pring, breaks the circuit. B; means of this, theoorrent had be interrupted 
Bi elowly, or as quickly, up to a certiin point, u is desired. G. Is a revolv- 
ing wheel in eonneotion with a rheostat in its interior. This consists of ten 
leottoQi nnmbered respectively, and each of these, by thrawing a unit of 
renatanos into the circuit, in conseqaence dimiaiebcs the strength of the 
onrrent^ and rie» Vtrsa. This rheostat does not profess to be an exact or 
UMuaMble amount of resistance, but is simply a means of gradually in- 
oiwsing and diminishing the strength of the eorrent (or praolical purposes. 
It has been so arranged that its power is convenient for clinical use, For 
•lample, when the instrument is attached to the full power of a 10 cell 
LecUnobi battery, and the entire resistance introdnced into the circuit, a 
miaimum amount of sensation is perceptible to tbe skin. As each division 
of the wheel istumed, A tenth oftbe whole rcsistAnceie taken from the eir- 
onit, and oonsequentl; tbe euirent increases in strength, till when it reaches 
tbe last seetiiin where there is no resistance the Full power of the 40 celts is 
obtained, ilore correctly estimated by means of a galvanometer, the pro- 
perties of the rheostat may be thus stated. Supposing the current from tbe 
40 ealls, pasdng through the human body to indicate 13 H. 7., one nnit of 
TMlatBDM of tlu rheostat intioduced into the circuit, rednees the reading to 
II K.T„ and so on till when the whole rceisUnoe is included 3 U.T. is the 
result, tieuce practically the resistance af this electrode sufficiently oon. 
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IB applied, it ia evident that thia can only be BatiBfaotorily ' 
accomplished in those which are Buporficial and IjTng im- 
mediately under the skin. The musclea more deeply seated 
cannot be directly influenced for diagnostic purposes, but 
may be reached only through the medium of the nerves. It 
IB not proposed to give a detailed topographical accouut of all 
these structures as it is assumed that the student is already 
acquainted with general anatomy, at the same time so essen- 
tial ia a knowledge of the esact position of the various super- 
ficial muscles and nerves of the body, tliat I have arranged 
a series of diagrams which show at a glance the chief points 
necessary to be known, and only such detailed description 
on those particulars will be added, a want of knowledge 
of which would render all progress in the enquiry impossible. 



SUPKBFIOIAL MOBCLEB. 

In the plates, is sketched the outline of all the chief 
snperficial muscles of the body, and those therefore which 
can be influenced directly fcy the electrical current. It would 
be impossible and unnecessary in a treatise like the present 
to describe the action of each of these in detail. M, Du- 
chenne* in a book of 872 pages, has elabotately enumerated 
the physiological and mechanical function of most of them, 
to which work the reader is referred for all necessary know- 
ledge on the snbject. For practical purposes we can readily 
understand the direct effects of the contraction of any par- 
ticular muscle, as if its origin and insertion be known, the 

trola for dUgDOstio parpoaes, a currenl of from 40 to GO cella, to which it 
tony he at once attached, As to the furndio currunt, the strength from the 
hatterj to be employed must bs e-ipcrimen tally asaertainad as alceadj 
cated, nbich can be aocompliahed in a few momeutB. 

Thia inatrument has beSQ iniidB hy Mr. Hamksley, tttford Stceet, London. 

• Physiolngie d*) Move«lenls. Paris, 1867. 
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eSaets of ite shoFtening mtut be apparent. It is of conree 
npOD tlie fleshy enbstaijce of the mnscle that obeervatiocs are 
made, tendon not being contractile in the proper Bense of the 
votd. 

BvpExnoiL MoToB PoDETS or UUSCLK. 
Each mnscle is sappUed by one or more branches of nerv« 
derived from the main trank, and the exact spot where these 
enter ita substance in called tiie motor point. As will snbee- 
qnently be seen, in producing mnecnlar contractiona, the 
position of the entrance of the nerve filament is a matter of 
Bome importance, irritation there causing totally different 
eflecta from stimulation of the fibres tbemselvee. We owe to 
Docbenne and Ziemssen, more particularly, most of onr 
accurate knowledge on this subject, these observers having 
e^>erimentally ascertained the motor points of the super- 
ficial moEcles of the body. In the plates the position 
of these have as nearly as possible been indicated by a 
black dot It is difficult to localise tbt^m on paper with 
madiematical accuracy, as they vary considerably in diSiarent 
individuals; but after nmnerons experiments and obserra- 
tioDB made by myself, I believe the figures here given present 
a hir general idea of the average position they occtipy. 
Some muscles have practically no motor points, that is they 
are not superficial, hence such cannot be made to contract 
tiaoagb nervona influence, except st the nerve-trunk above. 



Sopsancui. Moroa Nkeve-Tbiikkb. 
As a knowledge of the exact position of the motor nerve- 
tmnke, and the groups of mnsclefi they supply is indispen- 
sable for diagnostic purposes, I eiiall enter more folly into 
particnlars on this subject, at the same time avoiding all 
such anatomical details as are not absolutely essential. For- 



22 ELECTBO-DIAGNOSIS. 

tunately most of the motor nerve-trunks which supply the 
superficial muscles lie under the skin, at some part of their 
course, and can he felt there with the finger, or are so close 
to it as to he readily reached hy the electric current. Some, 
however, are too deeply seated to he practically availahle for 
our purpose. It is only the former that we have to study, 
and in the plates these are indicated hy hlack lines. 

1. Superficial Motob Nebve-Tbunks of the Head and Neck. 

{Plate 1). 

The Facial Nerve. The main trunk of this nerve lies in 
the suhstance of the parotid gland where it divides into two 
branches, the tempero-facial and the cervico-facial. These 
two branches become superficial on leaving the gland and lie 
between the skin and the ramus of the jaw, where they can 
be readily stimulated, (a.) The Tempero- Facial branch, is 
found at the posterior edge of the ramus of the jaw, a little 
below the level of the lower margin of the lobe of the ear. 
Its branches spread out from this point in a fan- shaped man- 
ner, and each can be easily reached as desired. This nerve 
supplies the occipito-frontalis, orbicularis palpebrarum, cor- 
rugator supercilii, buccinator, orbicularis, levator labii supe- 
rioris and levator anguli oris muscles. In short it supplies 
motor fibres to the ear, scalp, mouth, nose, and eyelids, 
and its irritation causes contraction of all the above-named 
mtlscles. (b.) The Cervico-Fa^dal branch, is found at the 
posterior edge of the ramus of the jaw a little above its 
angle. It supplies the lower part of the face and the upper 
part of the platysma myoides muscle. In the same maimer 
as the other branch of the facial, this spreads out into a 
fan-shaped series of filaments, which, if necessary, may be 
separately stimulated. 

The Spinal Accessory Nerve. The external branch of this 
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nerve after perforating the stemo- mastoid, beoomea enper- 
ficial at the posterior border of tliat muecle, a little above ita 
middle, and from tlua proceeds obliquely downwards and 
backwards towards the trapezins. At any part of this conree 
it may be atimalated with electricity. It supplies the etemo- 
mastoid and trapezius muscles. WLen irritated throngh the 
former muscle, there is flexion of the cervical epine, pushing 
forward of the lower jaw, turning of the head on its axis the 
face looking to the opposite side, raising of the shoulder, and 
approximatioii of the scapula to the spine. Irritation below 
the stemo- mastoid muscle causes the same, only the cervical 
epine is extended instead of flexed, and the head is inclined 
backwards and towards the side stimulated, 

Tiie Cervical Pltjna, consists of several branches nmning 
obliquely downwards and backwards between the stemo- 
mastoid and trapezius muscles, each of which may be stimu- 
lated separately, (a.) The Superficial Cervical branch turns 
forward from behind the stemo-mastoid about its middle, and 
lies boriEOntally on the surface of that muscle, where it can 
be reached for electrical purposes. It supplies the platysma 
myoides muscle, and its irritation causes puckering of the 
integument of the neck, (b.) Branch to ihe Levator Anguli 
SeapvhE Mutcle. This appears superflcinlly at the posterior 
border of the stemo-mastoid a httle below the nerve last 
described, and runs obliquely downwards and backwards 
towards the trapezius. As its name implies it supplies the 
levator anguh scapulffl muscle, and its irritation causes the 
shoulder to be raised, (c.) Branch to Trapeaut. This hee 
in the same oblique direction close below the filament just 
described, and supplies the trapezius muscle. Its irritation 
causes the shoulder to be raised, aud the head to be drawn 
backwards and towards the side stimulated. 
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2. Superficial Motor Nerve -Trunks of the Uppbb 
ExTKEMiTi. (PlaU» 2 atiil 8). 

The Ulnar Nerr$ is superficial from the axilla to the e 
at which latter place it lies between tlie olecranon proc 
and the inner condyle of the humerus. Immediately ahova 
this Bpot ita trunk can be readily felt witli the finger through 
the skin, and this is a convenient position for the appHcation 
of the electrode. The ulnar neivo supplies the following 
muBclea : — flexor carpi ulnarie, part of flexor profundus digi- 
torum, flexor hrevis minimi digiti, abductor minimi digiti, 
all the interrossei, the two inner lumbricalee, adductor polliois, 
inner head of flexor brevis polUcis and palmaria brevis. Its 
irritation above the elbow causes flexion of the ulnar side of 
the hand, sHght flexion of all the fingere at their metacarpo- 
phalangeal joints, flexion and opposition of the little finger, 
hollowing of the hand, and adduction and slight flexion of 
the thumb. 

The ulnar nerve ia also superficial a httle below the middle 
of the forearm, and may be reached at the outer margin of 
the flexor carpi uhiaris mnscle, about two inches above the 
wrist joint. Its irritation here flexes and opposes the little 
finger, hollows the hand, adducta and slightly flexes the 
thumb. 

The Median Nerve is found superficially about two inches 
above the firont of the elbow joint, a little internal to the 
inner edge of the biceps muscle. It can here be readily felt 
by the finger through the skin to the inner side of the artery. 
It supphes all the pronators and flexors of the forearm, {ex- 
cept the flexor carpi ulnarie and part of the flexor profundus 
digitorum which are nourished by the ulnar), the abductor, 
opponens, and the outer head of the flexor brevis, polli 




and the tirat aud second lumbricaleei. ha irritation above 
tbo elbow causes pronatiou of tke forearm, flexioa of the 
radial side of the hand, flesloQ of the fingers, abduction, op- 
poaitioii, and flight fiexioo of the thumb. 

The median nerve may also be reached about an inch 
above the wrist joint, between the tendons of the flesor carpi 
radialis and the pulmaris longus muscles. Its irritation here 
causes abduction, opposition, and shght fiosion of the thumb. 

The Mvsculo-spiral Nerve is very important in pathological 
states, but unfortunately is deeply seated and not always 
readily accessible. In thin persouB it can usually be reached 
and stimulated ; but in fat nud very muscular individuals it 
may be difficult to do ao completely. It always requires care 
to ascertain the exact spot, which is a very limited one, the 
irritation of which produces the typical muscular contrac- 
tions. It is reached by applying the electrode about three 
inches above the external condyle of the humerus on the 
onter and posterior aspect of the limb, at the edge of the 
triceps, between it aud the brachialis auticus muscles. With 
the finger can sometimes be felt the depression in the shaft 
of the humerus round which the nerve winds obliquely from 
underneath the triceps, to the space between it, and the 
upper part of the supinator lougue muscle. It suppUes the 
triceps, auooneua, the supinators of the forearm, all the ex- 
tensors of the hand, fingers and thumb. Its irritation at the 
point described, causes supination of the forearm and exten- 
sion of the hand, fingers, and thumb. 



8. SctTRnoiAL MoTOB NESVE-TituNEa OF THE Lower 
Extremity. {Plates i and 6). 

The Anterior Crural Ni'rve becomes superficial at the lower 
border of Poupart's ligament, a little to the outside of its 
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middle line, where it can be felt with the finger extemi 
to the artery, Uauallj here there are two or three large 
branches, to each or all of which the electrode can be 
conveniently apphed. It Bupplies the iliacua, part of the 
pectinena, aartorius, rectus, vastus extemue, and crurena 
muscles. Its irritation at the above -mentioned place cauees 
obvioua contractions of the muEclea in front of the thigh, and 
extenda the leg. 

Tlie Internal Popliteal Nerve passes down the miildle of the 
pophteal space from between the Bemitendmosus and biceps 
muscles. It can be there felt with the finger, and the elec- 
trode is best apphed about two inches above the junction of 
the two heads of the gastrocnemiua muscle in the middle line. 
It supplies the gastrocnemius, plantaris, eoleue, pophteus, 
tibialis posticus, flexor longus digitorum, flexor longus pol- 
licis, flexor brevis poUicis, abductor pollicis, adductor pol- 
licis, flexor brevis digitorum, flexor brevis minimi digiti, 
flexor accessoriuB, transversales pedis, and all the interossei 
and lumbrical muscles ; in short all the muscles at the back 
of the leg and sole of the foot. Its irritation produces flexion 
of the foot and toes. 

The External Popliteal Nerve is to be found in the popliteal 
space, running obliquely outwards over the outer head of the 
gastrocnemius, and at the lower and inner edge of the tendon 
of the biceps muscle, and here it can be distinguished vrith 
the finger. It supplies the peroneus longus and brevis, tibia- 
hs anticuB, extensor longTis digitorum, and extensor longus 
and brevia pollicis muscles. Its irritation causes extension 
of the foot and toes. The Peroneal Nerve, a branch of the ex- 
ternal pophteal, may be specially reached below the outer 
and posterior aspect of the head of the fibula. It Buppliee 
the peronei muscles, and its irritation causes extension of the 
foot outwards. 
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Deep Seated Motor Nerve-Tkunks, 
A large number of the motor nerve-trimka of the body are 
BO deeply seated, that it la impossible to utilize them for 
diagnoetic purposes. Those are covered with musclea and 
other struotures requiring a, powerful current to ponotrnte 
through them, which renders accurate concluBiona imprac- 
ticable, as this by its diffusion, so reacts on the neighbouring 
tisBues, aa to prevent a strict localisation of action on the 
nerve under observation. Those superficial truults which 
may be considered as always available for the purposes of 
diagnosia have already been enumerated. There are how- 
ever some, which, although under ordinary cii-cum stance a 
are not readily reached, may in special oases be irritated 
by electricity. For example, in a well developed and mus- 
cular subject, the hypoglossal nerve is completely covered 
with a layer of muscle, eo that direct stimulation with a 
moderate current is impossible. In very thin persons, or 
when disease has caused emaciation of the muscles, tliia 
nerve may be practically reached through tlieir attenuated 
Bubatance. In particular iustauceB a knowledge of this may 
be of importance, as in a case of bulbar paralysis. Aa a 
rule, however, those ncrvea which have to be acted upon 
through a thick muscular medium, which vaiiea iu different 
diaeasos are not to be depended upon for accurate diagnoetic 
pui'poses. For this reason it has not been thought neceaeaxy 
to give a detailed dcacriptiou of these ecmi-superficial nerve- 
trunks ; but the position of the most important has been 
marked in the plates by a -f . A knowledge of these is more 
neoeseary for therapeutics than for diagnoals. 
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CHAPTEB IV. 



Method of apfluno Electbicitt in DuQKOsia. 

It has been urged againBt the art of eleoko-diagnoBis that 
the difficulty, trouble, and time expended in its use, is oat of 
all proportion to tbe practical advantages obtained. Up to 
a comparatively recent period tliis cannot be altogether 
denied, but it ia the purpose of this treatise to indicate the 
value of the knowledge we obtain by thia form of inveBtiga- 
tion, and to endeavour to eimplify the means of arriving at 
ill. The dif&culties hitherto have been chiefly due to the fact, 
that this branch of enquiry being new, the instruments at 
our disposal have been imperfect and uneatiefactory, and 
even now m great meaaure still are so. Also few medical 
men have been instructed in their use, and those who have 
paid special attention to the subject have been compelled 
to educate themselves in the art. With the more perfect 
apparatus now at our disposal, improved methods of research, 
and an extended general knowledge of the subject, it will be 
found that the difdculties in the detuDs of electro- diagnosis, 
lite those of most other novelties, will disappear ; and so far 
from adding to the already overburdened curriculum of the 
student and practitioner, it Trill be found in reahty a means 
of limiting his labour in the investigation of disease. Aa 
the usefulness of this procedure depends upon the accuracy 
and method in which it is performed, and as it is important 
that this should be conducted with the least trouble and in 
the shortest time, I make no excuse for entering into minute 
details of the application of electricity for the purposes of 
diagnosie. 
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Ah has already boen inilioatBd tho object to be arrived at, 
is a knowledge of tho exact anatomical condition of nerve 
and muscle, from which wo infer tJieir functional state, and 
aa a oonsequenco many other important questions connected 
with disease. We have therefore, with Buitahle applications, 
to stimulate both nerve and muaule, and we jud^e of the 
effeots of the irritation by the contraction of the latter. The 
Bequenoe of events which ensues will be fully described in 
Buooeeding chapters, In the meantime we devote ourselves to 
manipulative details. 



Mktbodh of Appcic&tioh. 

1. Th» Indirect Method, This consiatB in irritating the 
trunk of tho norve at some dintanco &om the muscle or mus- 
cles it Hupiilics. For oxamplo, when tho current is appUed to 
the trunk of tho ulnar nerve above the elbow, all the muscles 
receiving their nervous supply from below this point, are at 
once put into a state of contraction, and certain movements 
of the hand and fingorB onsuo. 

2. The Direct Method. In this, the current ia applied to 
the muBcle itself. There are two forms, a. tho direct extra- 
musculor, in which a motor point ia stimulated, coneequontly 
the main bulk of the muBulo oontrauts, aud, I/, the direct intra- 
musoular, in which the irritation ia applied to the muscular 
fibre itaolf, and not to any opecial nervous filament, hence 
there is contraction only of tlie fibres immodiatoly under the 
electrode. This laat is aubjeot to the law of diffusion of cur- 
rents which will bo afterwards discussed, 

8. The Volar Method, In acting upon nerve or muscle wo 
may apply both polea of the battery to their substance, and 
nntil recently this baa been the method of procedure. By 
tax the most effective and exact eystom is to adopt what is 
called the Polar Molliod, by which wo obtain the specifia 
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effects of each pole of the battery according to desire. 

is carried out by placing oiie electrode on the nerve or muecle 

we wish to stimulate, and the other on some distant part of 

the body, thus eliminating its effects. In this way the action 

of the two poles is not confused, as they are hable to be when 

placed close together, and we can judge the result of ei 

separately. 



Pbaotical details in the Method op Pbocedube. 



The patient must be placed in a good light, both sides of 
his body being equally illuminated. If the head or npper 
part of the trunk is to he investigated, he may stand or ait as 
is most convenient. The npper extremities are best examined 
with the patient sitting on one chair, with his forearms resting 
on the back of another. To test the condition of the lower 
part of the trunk, and the inferior extremities, the most suit- 
able is the recumbant posture. In every case, all the mns- 
cles should be in a state of relaxation, the patient should be 
directed to keep himself perfectly at rest, and both sides of 
the body should be placed in the same position, and under 
similar circumstances. The operator while sitting or stand- 
ing near the patient, must have all bis apparatus around him 
within easy reach, and in delicate investigations the necessity 
of having properly adjusted instruments, combined with 
manipulative dexterity, is of great importance. Throughout 
the entire procedure great care must be taken, to keep both 
electrodes and skin well moistened. Dry epidermis is an 
extremely bad conductor, and if not thoroughly wetted the 
current of electricity will fail to penetrate it, in order to reach 
the nerve or muscle. In such cases great pain ia caused, 
owing to the current being arrested at the integument, and 
acting on its sensitive nerves. Hence throughout the stance, 
fluid must be used with prodigality. For all practical 
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pOBSB, Bimple water is all tliat is nGCGBsary. If acid ( 
be adileil ita power of conduction is improved. A Bmall por- 
ringer of water close at hand, in therefore a ' sine qua non," 
into whicli must frequently bo dipped the electrode with 
■which wo are working. It ia Bcarcoly nooessary to indicate 
the employment of towels suitably distributed, to avoid wet- 
ting the bedclothes or dress of the patient. 

"When tiio upper part of the body ia being examined, a 
suitable position on which to place the flat plate electrode, iB 
the nape of the neck. If tlie patient is clothed, this can eon- 
veniently be slipped ineide his collar, and is thus held firmly 
in position. If he is undressed, or if the clothes fail to Bcciire 
the plate, it must be tied on. This is best effected by means 
of a Boft-kuitted band, like a broad garter sufficient to go 
once or twice round the neck, and securely fastened. Hand- 
kerchiefs, bandages, &a., are unsatisfactory, as ou the one 
hand they either suffocate the patient, or on the other the 
plate is not firmly held in position. The knitted gaiter is 
soft and elastic and thus tightly fixes the electrode without 
disoomfort. This may appear a trilling detail, but it is the 
non-observance of such little matters, as ascertained by ex- 
perience, which constitute the troubles, expend the time, and 
&lBify the results of electrical investigation. 

If the lower part of the body ie to be tested, the patient, if 
in bed, may place the flat plate over tlio sacrum, and keep it 
in position by simply lying upon it, or ho may apply it to the 
sternum or front of the abdomen, and hold it there with his 
band. In careful clinical obBcrvationa it is best to act always 
under the same circumstoucos, and altogether the most cen- 
tral and Buitable position for this electrode in all oases and 
for &U ports of the body, ia the Iront of the abdomen. 

Having then firmly secured the well moistened plate, we 
proceed with the handle electrode, aleo soaked with water, to 
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ayatematicall; investigate tlie effects of botli curreDts on 
nerves and musclea. The UKual order of procedure 
lowB ; 1. Farailism to the nerve trunks. 2. Faradism to the 
motor poiuts. 8. Faradism to muecular tissues, 
vaniam, applied in the same order. 

1. Faradism to Nerve-Trunkn. — The negative pole of 
induced secDudary current iB generally used as the escil 
and to avoid coufusion, it ie best to make a rule always 
eelect it. The interruptions should be rapid, and for ordinary 
purposes the instrument in this respect should always be kept 
at a fixed standard. In commencing operations, it is advis- 
able to begin with a known healthy nerve, so that finding its 
reactions, we may compare them with those of the one dis- 
eased. Place the well- moistened, leather covered end of the 
handle electrode, accurately on that point, over which it has 
been ascertained the nerve lies. It must be firmly pressed 
down, BO as to facihtate the passage of the current through the 
skin. Having got this firmly in position, by means of the 
interrupter, suddenly complete the ciicuit. without relaxing 
the pressure on the nerve, and still keeping the electrode in ita 
place. A very weak current firom the battery is started. If 
the shock thus given produces no effect, the strength of the 
current is increased, till some contraction of the muscles sup- 
phed by the nerve, is seen. The effects are to be observed 
and compared with the other side, or other nerves. Again, 
different strengths should be employed, with a view of ascer- 
taining tlie reactions of the muscles under different powers 
of stimulation. It must be remembered that powerful faradio 
irritation of a nerve, is very painful, and very rarely of any 
use, so that care must be taken always to begin with feeble 
cun'ents, and gradually increase them until the requisite 
itrength is obtained. If the operator thus acts, he does not 
n the least alarm the patient, who soon finds that the 
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cedare, if a little UDpleivsant, ie practioUIy poinleas. If, 
however, he starts by unduly causing pain or sudden shocks, 
the subject of observation, especially if a woman or child, 
is frightened and restless, and the tremor and involuntary 
movementa thus induced, greatly militato agninat accurate 
observation. Finally, and more particularly when the nerve 
is diseased, the effects of varied iuterruptious of the current 
must be noted, as in certain conditions, when tlioso are rapid, 
Uiey are followed by no response, but if slow, may be suc- 
ceeded by muscular coutr actions. 

In natmg the muscular contractions, much caution most 
be exercised, otherwise great errors muy be made. In stimu- 
lating a nerve, it is necessary to know the muscles it supplies, 
and their action as a result of irritation, aa these and those 
alone are to be for the time attended to. Especially when 
strong currents are used, there is great diffusion of the elec- 
tricity, and tlie neighbouring tissues ore influenced as well as 
the nerve we are investigating, and the effects of the latter 
must be carefully separated from the former. To take an 
example ; suppose the ulnar nerve is being acted upon above 
the elbow with a pretty strong current. In health, all the 
muscles which it supphes will contract vigorously. In ad- 
dition, however, the muscles of the upper arm which are in 
direct contact with the electrode, will also act. These last 
have to be eliminated in the observation. In health this is 
not diiScult, but in disease, when certain nerve fibres or mus- 
cles are affected it is more so. Suppose again, that all the 
muscles suppUcd by the ulnar nerve were diseased, and a 
strong current was applied to its trunk, although it would 
produce no contraction of the floxors, it might by transmis- 
sion induce action of otliers such as the extensors of the hand. 
This has to be noted, and not confounded with the effects of 
the nerve under consideration. The complete distribution 
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has also to be observed, and the perfect or iDsnfficient i 
watched. For example, if, on irritating the ulnar, there was 
contraction of the muscleB of the fingere, bnt no action on the 
hand, we should con cliide that the'fleior of the wrist was 
not performing its function, aa it is supplied by the nerve 
stimulated. 

Aa a rule a prolonged appHcation is not necessary, but 
au£Bcient only to see the marked effect of muscular con- 
tractions, and judge of its vigour. One aecoud may roughly 
be estimated aa a convenient length of application, for this 
to be tested in health, but this will vary according to oLr- 
cumstances in disease. Having obtained the strength of the 
current necessary to produce defiuite effects, and having 
observed and estimated the extent of these, a compari- 
son has to be made with the other side of the body. 
To arrive at accurate conclusions, precisely the same con- 
ditions must be employed on both sides. The same spot 
of the nerve must be selected, the same amount of pres- 
sure apphed, and strengtli of current used. In this way if 
the disease is one-sided, the difference between it and the 
normal state, may be readily estimated. In comparing two 
places, some physicians use a double rheophore, and hold an 
electrode in each hand. I confess I prefer to deal with one 
only, finding it difficult enough to select the exact spot under 
which the nerve lies, and to keep there, with a single, much 
more than with a double instrument. Also the conducting 
power of the two electrodes may vary and thus complicate 
matters. In short, if the phenomena on one side be first 
carefully ascertained, there is httle practical difficulty in 
afterwards comparing it with the other, with the same elec- 
trode. If the disease exists on both sides of the body, & re- 
cognition of abnormal conditions is more difficult. If we, in 
such a case, cannot comipare one side with the other, in order 
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to obtain s aormai standard, ve an obliged to take u i 
Bome of the othex facadtfa; nerrea of tlie body. This i 
great ImowJedge and experience, for u we ahall afterwardB 1 
see, owing to Tarring pbyrical eouditirau; these diflcr in their 
aenntiveneas to exdtatioii In ■ series of obMtratunu nude 
hy mjteit and referred to in a snbseqnent Chapter (page 48). 
I have endeaToured to show that a comparieon may be made 
between the relative excitability of aD the great nerve trunks 
of the body, which if not of perfect scientific accuracy, is 
osefii] fer practical diagnostic porposes. Hence, if both 
sides are afleeted, we may, anl^ect to c«tain restrietionB, 
compare the diseased with etbet hesltiiy portians of the 
body. 

2. FaraduoK to Motor PoatU. — To stimnlate the motor 
points of the mnsdee, precisely the same steps are to be 
taken. The sharp end of the electrode is to be firmly placed 
as near the spot as poesible, and if this does not prodoce the 
desired effect, namely, contraction of the mass of the mnacte, 
it roast be moved about in the neighboorhood, till it is evident 
the motor nerve is being irritated. Considering that we can- 
not actually see the exact position, even of the mnsclee them- 
selves, through the skin ; it may be easily conceived that it is 
often no easy matter to arrive at the exact spot at which its 
nerve enters, and more especially as this may vary in different 
individaals. Like roost other difficaltiee, this in only to be , 
overcome by an iutimate knowledge of the parts, and by con- 
stant practise, through which otily, dexterity and accuracy is 
to be obtained. Although a knowledge of these motor points 
is scientifically of great importance, it must be admitted that 
in practise it is not always absolutely essential. Having 
ascertained the function of the nerve trunk, we have thns 
already arrived at the action of its branches, in other words, 
the motor points. It must, however, be remembered that 
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there are many portions of the body and many muscles, to 
whose nerve trunks we have no means of reaching, in which 
case our only method for determining the condition of the 
peripheral nerves, is by stimulating the motor points. In 
any case, the greatest care must always be taken in com- 
paring the two sides of the body, to place the electrode 
on exactly the same point of each muscle. For example, 
in testing the contractility of say the supinator longus, if 
on one side we applied the irritation at the motor point, 
and on the other at the muscular fibre, the effects of the 
stimulation with the same current would be very different, 
although the muscle and nerve might in reality be perfectly 
normal. 

8. Faradism to Voluntary Muscle. — The electrode is placed 
over the muscular substance which is thus directly stimu- 
lated. Precisely the same methods are employed, and ob- 
servations made, as those already described with regard to 
nerves, as in faradising a muscle we are in reality acting upon 
the intra-muscular nerves, there being no true Farado-muscu- 
lar excitability. Each muscle must be separately treated, 
and its specific effects carefully observed, and great caution is 
to be exercised not to confound this with the responses of 
its neighbours. In disease especially this is of the greatest 
importance. For example, when the extensors are destroyed, 
as in lead paralysis, application to them of a strong current, 
may induce fleodon of the hand. This indicates that the 
current has passed through the weakened extensors without 
effect on them, but inducing contractions of the flexors by 
transmission. Care has also to be taken that in comparing 
the muscles of two sides, that the electrode is placed on ex- 
actly the same spot of each muscle, for not only does the 
bulk of the fibres vary at different parts, but branches of the 
motor nerve are here and there superficial, and may be 
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stimulated on one side and not on the other, thns rendering 
a comparison fallacions. In rery small mnsdes, the point of 
the olire shaped electrode most be used, in order to limit the 
current as much as possible. In the larger mnscles, as great 
a snrfiace as the electrode permits, should be applied. Al- 
though the whc^e of the mnsde may be tested, practically, 
the mo^ fleshy part is the most suitable position. 

In certain circumstances the effects of yarying the inter- 
raptions of the induced cnrrent should be ascertained. This 
may be slowly performed by moving the vibrator of the coil 
with the finger ; if rapidity is required this most be adjusted 
by means of the screw attached to the iastrament. 

In making subsequent examinations of the patient, it is of 
great importance to ascertain whether any change, either of 
degree or kind, has taken place since the observation on a 
former occasion. The faradic instraments as at present con- 
structed are unfortunately not sufficientiy exact for the first of 
these purposes. For example, if we examine a nerve with a 
certain strengtii of induced electricity, we have no means of 
applying exactiy the same amount, say six months after- 
wards, and noting the difference of degree at the two periods. 
It is true that for most practical purposes, we can roughly 
estimate the changes which thus ensue, but if a more perfect 
instrument could be devised which would fulfil this end, it is 
needless to poiut out its great importance as regards diag- 
nosis and prognosis. 

The sensibility of different portions of the body vary, the 
face, and head generally, being especially sensitive, so that 
too strong a current must be avoided. It is always ad- 
visable that the operator, before making applications to 
the patient, should test the strength of the current upon 
himself. This he can always do, (assuming the plate to 
be already attached to the patient), by simply placing his 
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palm on the skin of the latter, and touching with the elec- 
trode the back of his own hand. This is not only a test for 
the effects on the sensibility, but is also a guide to its effect 
in contracting muscles. Too much confidence must not, 
however, be placed on this last, as the skin and other con- 
ducting media, may differ greatly in the doctor and his 
patient. 

The chief points to observe in the application of the faradic 
current, are. To the nerve trunk: — 1st. The amount of mus- 
cular contraction to a given strength of current. 2nd. The 
comparison of this, with that of the opposite side. drd. 
The comparison between it and other healthy nerves. 4th. 
Whether all the muscles supplied by the nerve contract, note 
deficiency of special muscles, or part of muscle. To the 
motor points, and muscles, observe : — 1st. The vigour of con- 
traction in the whole or part of the muscle. 2nd. The com- 
parison with the opposite side. 8rd. The comparison with 
the other healthy motor points and muscles. 4th. The com- 
parison of direct effect, from the indirect irritation of the 
nerve trunks. 5th. That the actions of other muscles from 
diffusion of the current, are not confounded with that one 
under observation. 6th. The effects of slow or rapid in- 
terruptions, 

4. Galvanism to nerve trunk, motor point, and muscle, — 
The method of applying galvanism to nerve trunk, motor 
point, and muscle is, as regards mechanical manipulations, 
exactly the same as of faradism. The chief difference is, 
that the special effects of each pole of the battery has to be 
noted. This is done through the medium of the commutator. 
Having placed the electrode on the nerve or muscle, as 
already described, it is made positive or negative as re- 
quired, and by means of the interrupting handle, the shocks 
in each case are observed. The results of opening and 



closing the current are to be noted. Aa with faradlEm begin 
with a weak current, test each pole separately, closing and 
opening in turn. Gradually increaae its strength, and ob- 
aervB when mascular contraction first appears, at which pole, 
and whether at its closure or opening. Continue to augment 
the current, still watching the order in which the contractions 
appear, their degree, their duration, and their character gene- 
raUy. What may be expected to take place will be detailed 
in the nest chapter. The effects of varioualy interrupting the 
galvanic current must also not he forgotten. For slow 
interruptions, the ordinary handle is used, and these are 
made with the finger. When great rapidity is required, the 
rheotome is perhaps the most convenient method of prodaa- 
ing it. We have at present no accurate practical instrument, 
except clockwork, for measuring the number of interruptions, 
ao that we can only speak of, very slow, slow, medium, rapid, 
and other such somewhat inexact terms. With regard to 
measuring the strength of the galvanic current, this can 
be very accurately done by means of the galvanometer in 
therapeutics and otbcr prolonged applications, but for the 
purposes of diagnosis in the manner already detailed, we 
have not, unfortunately, any satisfactory method. As here 
the effects are of very brief duration, and as the needle 
of the galvanometer oscillates, it is difficult to measure the 
current sufficiently rapidly. Improvement of the instrument 
may, we hope, soon be made, by which it may take instan- 
taneous measurements, a discovery which would prove of 
immense practical value. 

All the other details of the application of the galvanic 
onrrent, and the cautions to be observed, are the same as 
with faradifim. With galvanism the special points to be 
noted are: — Ist. The amount of contraction of each pole aa 
compared with the healthy side. 2nd. The amount of con- 
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traction of one pole as compared with the other. 3rd. The 
amount of contraction at closure of the current, as compared 
with the opening of it. 4th. The nature of the contraction, 
whether rapid or sluggish, complete or incomplete, etc. ; and 
6th. The effects of varied rapidity in the number of interrup- 
tions. 



XLKI^HICAL KKACTtiVIS IN IIKALTU. 



CHAPTER Y. 

EuonUtiAL BsAOTtONS D) USALTH. 

Tub two fcnus of di«trtoity ftlnndy (loscriKnl, niitl Hj<)tli(H) 
in tltu tuAnui.'ir imlicnUxl, pnxluov omrtiuit ilvtiiiito »iu1 wull 
murkotl {^licnomvatt uu tlio difforont tiaauos of tl)u hoiillhy 
Bubjuot. Far the preseut purjios* it in Buffioimit in know 
their offoots ou Uio ispiual uonl, tuoU^r uorvo, tuul \i>hiiilikrj- 
moBoIe. 

1. SONAI. OoKl*. 

If a hualthy spiutU cord bo o^LiHiseil b; disaootion, ftud 
oleotridty applitnl to itx snbstaiicu, tliero Ate vigoroui cou- 
tractioua of all tho muscles of the body, euppUoil by tho 
aervoH derived firom and below tho point irritated. The 
reepouDoa to tho tUfforout ourreute are of tho aiuao chnrao- 
ter us tliDHo about to bo described hh occurring ^vitll motor 
nerve. In tho hunmii subjoct upi^dicntiouH to tlie upiual oord 
Kre never mndo for diaguostio purposes. 



V 2. MOTOH NlUtVB. 

Ou irritating h motor uorvo witli electricity, tlio only vitiiblo 
phouomeuon nhich follows is, ooutrnction of all tlio uusele* 
whioh it BiipplieB. Cortftin other ohiuieeB take pliieo in tho 
norvo itsolf, Imt for our prcsont purpose, wo have only to 
atudy tlio behaWour of tho muscular oontraotion. This takes 
place us a result of variations in the donsity of tlko ourroiit, 
I and tlioreforo tliese muscular contraotimis only oeour at itK 

oloeure and oponing, aud tlicir amotmt is praetienlly in 
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proportion to the strength and suddenness of its modifica- 
tions. While the current is constant, and flowing through 
the nerve without interruptions, there is no response. 
Electricity does not cause muscular contractions merely by 
the power the nerve possesses of carrying its influence to the 
muscles, but by its specific action in stimulating the nervous 
elements into functional activity. This is evidenced by the 
fact, that if a nerve bo injured or diseased, on electric stimu- 
lation no contractions are produced, although its power of 
condu<3ting the current is in no way interfered with. It is 
also shown by the further from the muscle a healthy nerve is 
irritated, the greater is the effect produced, and this is in- 
creased if a portion of the nerve centre be included in the 
circuit. 

Effects of FaradUm, — ^If, by dissection, a motor nerve be ex- 
posed and irritated with the faradic current, the following action 
ensues. Each shock produces a muscular contraction, imme- 
diately followed by relaxation, but as in the ordinary appara- 
tus, these interruptions rapidly succeed one another, there are 
no apparent intermissions, one contraction not having ceased 
before another has taken place. Hence there is tetanus of 
the muscle, and this continues all the time the induced 
current is passing.. The intensity of the tetanic spasm is 
in proportion to the strength of the current, and the rapidity 
of the interruptions. 

In the human subject, where the nerve is reached through 
the skin and other superficial tissues, the action is precisely 
the same, tetanic spasm taking place in all the muscles sup- 
plied by the nerve, the trunk of which is irritated by the in- 
duced current. Bapidly interrupted faradism is the most 
powerful electrical stimulant to healthy nerve. 

Effects of Oalvanism — The action of the galvanic current 
on dissected out motor nerve is very different and much 
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more complicated. The eflfects, however, iire perfectly de- 
fiiiite, aud couslitute what is termed the kw of coutraation 
of motor uerve and muscle, Wien this is applied with 
moderate power to a nerve, muscular contractioue ensue, 
hut only at the moment of making or breaking the current. 
These are not of tetanic nature, but short and sudden, fol- 
lowed immediately by relaxation, and while the current is 
passiug continuously along the nerve, there are no muscular 
contractions. These pheuomeua ore influenced by the iuttmaity 
of the current, the stronger it is the more energetic the 
contractions, and if it be very pow«rful, there may be tetanic 
epasms, not only on making and breaking, but during its pas- 
sage along the nerve. The muscular movements vary 
according to the direction of the current so that there ore 
four different contractions: — 1. The descending closure con- 
traction ; 2, The descending opening contraction ; 8, The 
ascending closure contraction, and 4. The ascending opening 
contraction. These are further modified in strength by the 
intensity of the current ; and the systematic arrangement of 
which has given rise to what is termed Ffliiger's law of con- 
traction, which is BB follows : 

Descending. Ascending, 

Make. Break. Make. Break. 

Very weak . C. — . . . , — — 

Weak . . C, — , . . . C. — 

Moderate . C. C C. C. 

Strong . . C. — . , . ,C. C. 

These observations were made witli both poles of the 
battery applied to the exposed nerve, in animals. When the 
polar method of investigation is employed the reactions are 
somewhat different. When the effects of one pole are elim- 
inated by placing it on a distant or indifferent part of the 
body, and applying the other to the nerve, wo can thus 
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observe the uncomplicated reactions of the latter. In this 
way also four contractions are produced namely : — 1. C.C.C. 
or cathodal closure contraction ; 2. C.O.C. or cathodal open- 
ing contraction ; 8. A.C.C. or anodal closure contraction ; 
and 4. A.O.C. or anodal opening contraction. Following 
this method it will be found that different degrees of muscu- 
cular contraction result, according to the pole applied to the 
nerve, as well as to the intensity of the galvanism employed. 
The cathode always predominates over the anode in its power 
of inducing functional activity. If a very weak current is 
used and both poles in succession be placed upon a nerve, 
and alternately opened and closed, as the current is gradually 
increased, the first contraction to appear is the C.C.C. As 
the intensity is slowly augmented the C.C.C. increases in 
force, and in addition the A.O.C. is devoloped. Further 
increase more fully demonstrates the C.C.C. and A.O.C, and 
next appears the A.C.C. Finally a powerful current induces 
not only C.C.C, A.O.C, and A.C.C, each stronger than the 
other, according to its order, but ultimately C.O.C The nor- 
mal polar reactions of the nerve therefore occur in the foUow- 
mg order :—l. C.C.C, 2. A.O.C, 8. A.C.C, and 4. C.O.C 

In thB human subject the same general laws remain in 
force, but as here it is impossible to operate upon the exposed 
nerve we are compelled to influence it through the skin and 
other tissues. This causes some slight differences in the 
phenomena, due probably to the diffusion of currents in the 
body, and to the modifying influence of the resisting media. 
Practically, therefore, when we apply galvanism to an accessible 
nerve of the human body, for example the ulnar, we obtain the 
short sudden contraction of muscle, only at the closing and 
opening of the current, and in the following order : — 1st. C.C.C. 
2nd. and 8rd. A.C.C. and A.O.C, these two are of about the 
same amount, one sometimes being in excess of the other, 
and vice versa ; and 4th. C.O.C The chief practical fact to be 
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noted is, that in liealth the C.C.C. exceeds the A.C.C, and the 
A.O.C. the C.O.C. In the normal condition the galvanic 
eiirrent to nerve does not produce euch vigorons contractions 
as the faradic. The more rapidly it is iutermpted the more 
powerful are the stimulating effects, and when this is very 
quickly performed there is tetanic spasm as in the case of the 
induced current, but not to the same extent. The same laws 
apply to all the nerves of the body that are er[uaHy accessible 
and that are under Bimllar conditions, at the same time it is 
to he noted that very few of even those superficial, are exactly 
under the same circumstances in different localities, so that 
care should be taken in comparing the phenomena in one 
region with that of another. 

Motor points. — The action of electricity on the motor points 
areprecisely similar to those just described, as they are simply 
branches of the motor nerve tmnks. Their stimulation cauaea 
contraction of the entire muscle or the larger mass of it. 



8. VoLUNTABV Muscle, 

The faradic and galvanic cujrents directly apph^d to 
the muscles in health, produce the same phenomena as 
when the nerves which supply them are similarly treated. 
The reactions are the same in character, but less vigor- 
ous in degree, and, apart from diffusion of the current, 
only such portions of the muscle contract as are directly 
stimulated. Hence, the action which follows is due to 
irritation of the intra- muscular nerve filaments. When 
the muscle is deprived of its nerve influence by poison or 
otherwise, leaving its fibres healthy, the reactions are very 
different. The faradic current then apphed produces no 
contraction whatever, no matter how slowly the iutermptions 
may be made. The action of tbe yalvatiic current to muscle 
thus deprived of its nerve is augmented, so tliat a weaker 
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power is required to produce contractions than iu the norma^ 
state. Tliis demonstrates that the fibre itself is ooutractileJ 
This increased gal van o- muscular excitabilily ia difficult t 
explain, but is probably due to some change in the Dutritioa 1 
of the muscular structure as a result of absence of nerve | 
influence. Id this condition there is contraction not onl; atJ 
dosing and opening of the current, but if this be ponerf 
there is often a slight tetanic spasm during its continuoid 
passage. In healthy muscular fibre, the polar reactions i 
the same an to the nerve. With a normal nervous euppljj 
the more rapidly the galvanic current is interrupted, th^ 
more vigorous is the muscular coiitruction. When this i 
out off the reverse takes place. It ia true that the fibraj 
when healthy, responds to interrupted galvanism up to i 
certain point (60.60 per second), but the slower the interrupt 
tione are made, the more complete are the contractionb 
Therefore, healthy muscular fibre, when deprived of its nervi 
influence, contracts more vigorously to slow, and lesf 
rapid interruptions of the galvanic current, than i 
normal condition, and it does not respond to any form ( 
faradiam. There is another distiuction. When the nervea 
are intact, the muscular action is sudden, short, and C01114 
plete ; when nerve influence is removed it is delayed, pro*! 
longed, and incomplete. Mueoular fibre by itself is therefore 
contractile under the galvanic stimulus, but in a different 
way thau when irritated through the nerve. A more pro 
longed application, and more abundant quantity of electricityl 
is necessary to produce effects, and these, when arrived t 
differ in kind. Hence the induced current of high tension^ 
and small quantity causes no results, even when slowlyi 
interrupted, hut galvanism with its low tension and large* 
qnantity, excites contractions, and these are the more] 
vigorous, the more slowly it is interrupted. The samaf 
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esplaina the greater respoDse to the cloamg as compared 
■with the opening of the current.* To all the voluntary 
muBcIeB of tlie human body the same laws apply. Practi- 
cally, however, there are shght differences of degree, the 
larger a muscle and the coarser its texture, the more power- 
ful is the current required to cause a proportionate amount' 
of contraction. Again, in special parts of the body tlie skin, 
fat, and other resisting media vary so greatly as to necessitate 
different degrees of electricity to penetrate the obstruction 
before reaching the muscles below. 

Relative ExcitabUity of Different Nerves and Muscles.— '^s 
question of the different conducting media in the body ia a 
matter of great practical importunco. In general terms it 
may he stated that all the nerves are, if dissected out, equally 
excitable, subject to the fact tbtut the nearer the centre, the 
greater the irritahUitj, and conversely, towards the peri- 
phery it is somewhat less so. In the same way the muscles, 
if exposed, would be found nearly all alike, except that they 
vary slightly in response to faradism, according to the rich- 
ness of their nervous supply, and to galvanism in proportion 
to their bulk, and the dehcacy of their structure. In the 
living subject tJiere are differences to he noted. In variona 
localities the conducting media between the electrode and the 
nerve or muscle, differ so much in thickness, as to cause an 
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unequal distribution in the intensity of the current to the 
parts below. If one side only is affected, this is of no conse- 
quence, as we have then the other and healthy parts with 
which, under equal circumstances, to compare the diseased 
tissues. But if corresponding parts of the body are attacked, 
it is extremely difficult to judge the existence of quantitative 
changes. It is therefore of great importance to have, if 
possible, other healthy structures as a standard of compari- 
son. For example, if both lower extremities are affected, 
leaving the arms normal, we cannot compare one leg with 
the other healthy one, but for this purpose we can utilise the 
tissues of the upper limbs. To successfully put this into execu- 
tion, it is necessary to know the exact comparative irritability 
of the different nerves and muscles throughout the body. 

I have made a series of observations on the normal subject 
with the view of attempting to deduce some definite facts 
concerning the electric excitability of: — Ist, the nerve trunks, 
2nd, the motor points, and drd, the muscles. The general 
result of the enquiry is as follows : — 

1. The Motor Nerve Trunks, — Throughout the body the super- 
ficial nerve trunks have been found to be all remarkably 
uniform in their response to the electric stimulus. At the 
same time there are marked, if slight, differences, which in 
making comparisons, it is very important to know. "Whether 
these modifications are due to inherent peculiarities of the 
nerves themselves, or simply to differences in the conducting 
media, we need not here discuss, but the opinion may be 
expressed that it is probably the latter. If a very weak 
faradic current is in turn applied to all the nerve trunks of 
the body, and very gradually increased in strength, the first 
to show any signs of response is the spinal accessory. In 
short this nerve appears to be the most sensitive to electric 
irritation in the body. As the current is slowly increased 
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in intensity, the next nerve which responds, is the branch of 
the cervical plexus to the levator angoli scapuls muscle. 
A further but very sUght augmentation brings into action 
the ulnar. Increased still very sUghtly, the median, facial, 
remainder of the cervical plexus, anterior crural, and ex- 
ternal popliteal, react, all as nearly as possible being of equal 
excitabihty, but varying a little in different individuals. A 
further increase brings into action the musculo- spiral, and 
the internal popliteal. In tabular form the following is the 
order in which the excitability of the various superficial nerve 
trunks appears to exist. 

Spinal Accessory, 
Branch to Levator Anguli Scapula, 
Ulnar, 
Median, 
Facial, 

Cervical Plexus, 
Anterior Crural, 
External PopUteal, 
Musculo- Spiral, 
Internal PopUteal. 

Although, owing to the deficiency of our apparatus, we 
have no means of accurately measuring the differences of 
excitabihty here indicated, these are in all cases so sUght, 
that if properly learnt by observation and experience in the 
healthy subject, in practice a comparison can be made be- 
tween the different nerves in disease. For example, suppose 
the lower extremities to be paralysed, we cannot compare one 
leg with the other, as both are affected, but by a knowledge 
of the relative irritability of the nerves in the upper and 
healthy parts of the body, we may arrive at an approximative 
idea of the trutL Thus, the anterior crural and external 
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poplitoal norvoH, wo know in hoalih aro aH noarly aH [lOHHiblo 
oqual to the niodiau and facial. The iniornal popIiUuil ih 
about tlio Barno aH tho niuHculo-Hpiral, or Honiowhat lorin 
oxoitablo tlian tho nuulian. 

2. The Motor l\nnts. — it may bo Htatod in gonoral tonus 
that moHt of tlio motor pointH of a givon diHtriot aro of noarly 
oqual oxcitability. Thoy vary Homowhat in tho Hamo, and in 
difforont individualH, and only an ap))roximato compariHon can 
bo made l)otwoon thorn. Ijiko tho norvo trunkH, thoy diminitili 
Bomowhat in irritability at tho pcriphoral an comparod witli 
tlio moro central portionH of tho body. Tho boHt gonoral 
guide iH tho noaroHt hoalthy norvo trunk, tho oxcitability of 
which iH Homowhat groator than tlio motor pointn in ita 
noiglibourhood. For oxamplo, a current whidi producoa 
vigorouH contractionn when ap])liod to tho ulnar norvo, will 
cauHo woU marked action of all the motor ])ointH in front of 
tlio forearm, hut not quite to the name extent an when tho 
trunk Ih Htimulated. 

8. The MusctvH.'^Ui Htimulating the mibHtanco of muHolo 
directly, a HtrongtT current in required to cauHo itn contrac- 
tion, than that Huilicient to produce tho Hanie roHult through 
tlio modium of ilH nerve, in difliTont portionn of tlio body, 
in health, thin muHcuhif irritability varioH, owing to tho fact 
' that Home fire more richly endowed with nervouH Hupply tlian 
otlierH, and hence are moro readily Htimulated by tho hiducod 
current. Again, the larger and coarner the flbroH of a muBclo 
aro, tho moro inteiiHo a eontinuouH current muHt bo unod to 
provoke contraction. Finally, the conducting media, Huck as 
the nkin, fat, connective tinnue, alHo tho ntato of tho integu- 
ment whether moint or di'y, etc., varioH in difTeront localitios, 
HO an to modify tlio action of both formn of electricity. The 
muHcloH of tho upper oxtromitioH aro moro oanily Btimulatod 
than thoHO of tlio lower ; tlio floxorn of tlio armn moro than 
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the extensors, and the inner and anterior aspects of the legs, 
more than the outer and posterior. Those of the tronk, and 
especially the large muscles of the back and abdomen, are 
less irritable as a role than those of the limbs, and the back 
less than the front of the body. 

To Bnm np the whole question of the relative excitabiliiy of 
nerve trunk, motor point, and muscle, it may be said that no 
positive special laws can be laid down, as it varies in the 
same and different individuals. At the same time an attempt 
has been made to show, that up to a certain point, various 
localities have a tolerably fixed relation to one another, and 
and that if we cannot, with scientific and measurable accu- 
racy, form a perfect standard with which to compare different 
parts of the body, experience and practical knowledge of the 
facts we possess, furnish us with data which proves useful in 
diagnosis. 
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CHAPTER VI. 

EXFEBIMENTAL BbBEABCHEB. 

The effects of electricity on healthy nerve and mnscle having 
been seen to be positive, and subject to definite laws, its 
action on the same structures after injury or destruction, has 
now to be investigated. The conclusions arrived at have 
been, for the most part, determined by experiments on the 
lower animals, and the results of these have been folly 
confirmed by clinical observations on disease in the human 
subject. We are mainly indebted to the researches of 
Duchenne, Erb, Neumann, Eanvier, and others, for our scien- 
tific knowledge of the relations which exist between the 
histological condition of structure, and the functions and 
electrical reactions of the different tissues. 

A. Anatomical Changes Eesultino fbom Injubt to Nebvous 

Tissue. 

Spinal Cord, — If the cord is artificially divided at any 
point, there is paralysis of the body below the section. No 
anatomical changes, however, ensue, and the nerves and 
muscles remain healthy. If a portion of the whole thickness 
of the cord is destroyed, say for an inch or two in length, 
there would ensue degeneration of the nerves and muscles 
originating at the injured segment, the nature of which will 
presently be described. All the tissues derived from below 
this point would be normal. If the entire cord were arti- 
ficially destroyed, and the animal lived, there would subse- 
quently ensue complete degeneration of all the nerves and 



muscles supplied from its entire lengths These phemmiena 
indicate that if the spinal cord is injored at the origin of a 
motor nerve, the latter rapidly loses its healthy stmctnre and 
fonctional activity, its nutrition is interfered with, it degene- 
rates, and with it the muscle it supplies. They also point 
cut that so long as a motor nerve is attached to a healthy 
centre in the cord, even although it may be separated from 
the brain by disease higher up, and consequently its volun- 
tary function lost, the nerves and muscles retain their 
healthy structure. Thus, loss of physiological fonction may 
be quite independent of histological changes in cord, nerve, 
or muscle; on the other hand, when these exist, there is 
often a relation between the two. 

In man the same general sequence of events ensues after 
injury or disease of the cord, although owing to the nature 
of the legion, we have rarely opportunities of observing such 
t>'pical symptoms, as in experiments on animals. When a 
thin section of the cord is injured, as when divided by a 
dagger, the voluntary motor power is lost below the stab, but 
the muscles and nerves do not atrophy or undergo any degen- 
eration. When the injury affects the whole thickness of the 
the cord for a limited extent, as from pressure of a vertebra, 
the same symptoms take place, but tliere is degeneration of 
the injured portion of the cord, of the nerves derived from it, 
and of the muscles supplied by them. In the lower part of 
the body the nutrition remains unimpaired. Finally, when 
as in myelitis, the entire thickness and length of the cord is 
diseased, there is wasting and degeneration of all the muscles 
and nerves of the lower part of the body. 

Motor Nerve. — If a motor nerve is divided, there is at once 
paralysis of the muscles it supplies. Subsequently, patho- 
logical clianges take place in the structure of both nerve and 
muscle as a consequence of the injury, and of their being 
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Bevered from their nutritive centre, tlie Hpiual cord. Ab these 
liiBtological cliangen bear an important relation to the elec- 
trical conditions, it is neceeuary that they should bo studied. 
The motor portion of the nerve above the section remains 
normal, but below it, cliangcH at once begiu to take place. 
Erb tbus snme up theue anatomical alterations. " Even 
during the first few days coagulation of the medullary sheath 
takes place, and it gradually breakffup into longer or Hhorter 
cylindrical masses. These masses booomo progressively smal- 
ler, more rounded, and gradually converted into drops of 
variouB aizcs, amongst which at the end of the first week, a 
progressively increasing number of fine fat-granules may be 
observed. About this period the size of the degenerating 
fibres has undergone considerable increase, so that they 
appear broader than usual ; tho medullary masses and the 
drops of fat gradually unite, and form larger or smaller 
irregular heaps, the smaller drops gradually preponderating 
and giving riee to the appearance of numerous fat-granules 
distributed tlirough the nerves : after the third or fourth 
week, there is a very conBidcrable diminution of the mednl- 
lary and fatty masscB, which vanish in great part by ab- 
sorption, but partly also by becoming converted into a 
homogencouB uniform mass which fills the still remaining 
sheath of Schwann, and is traversed by the axis cylinder 
(Neumann). The dcgcnctatiug fibres become gradually more 
slender, and ultimately there only remains a delicate pale 
band, with irregularly undulating contours, still containing, 
at certain points, medullary and fat drops, and usually ex- 
hibiting a considerable increase in the number of nuclei." 
The axis cylinder ultimately becomes completely destroyed, 
but possesses great power of resiBtance, being preserved in a 
modified form for a long time after the injury. " Coin^< 
dently with these processCB of degeneration in the nerve 
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flbreti wliicU H[>rimil nitli tolornlilo rttiuilit.y IVoni tho ooiitrn to 
Uie peri 111 lory, coiiinitlornblu vlnuigcH aUo oooiir iu tho iionro- 
Idiuiim. Tlioro miiy ho boou n romnrknblo iuoranao (uid 
toultiiilioatiou of tbo luiolui of tlm shontli of Boliwuuu ill 
tlio ncnrolominn itHolf, niiil nii d^trutinliiiAry aocumulntiou 
of ooUiiliu' dmnmitM. In tlm uourNo of tlirua or four wooks, 
tho Rrtifttor niuiiliKT of tliimo ftHmiino tlio oliiiriiotcr of fnni- 
fonii oi'Ua, ooiijciiltiiitly with wliiuli thorn ii* n ptogros- 
Bivo hypertrophy of liui iiouroloiuum ; tln> cxtoriiftl ucrvo 
hIiqaUi in K>^^<itly thickotioil, Htrong trnhooulio of coiiuoo- 
tivo tiwsuo iliviilo tlm Kovorul timcicuh of iiorvnn from one 
ivuothor, mill tho hyportrophiwl floiiiiL'clivo tiittiuo iiiiiy ho 
(•con to i4u|mrnto tho iiutiviihiiil librtxs. An tho iiroco^tt 
0011 tin HUB, tho h}i)(.>rtrophi(Hl ooiiuoutivo tixHUO hucomux 
dciiHt^r, fltmcr, ami flbroua ; truo cirrhosis of tho uorvo is 
entabUsliod, wliiuh is vory uloarly tti^parcut whou transvorsu 
•ootioiiK iii'o iniwlo." 

Althoiigli itftor comploto divisioa of a motor iiorvo thoro in 
otitiro loHH of fiiiiotion, nud tlio train of pathologiaal dian^oB 
just ouuiaeniloil, Uio two omls of tlio diviitod uorvo may hoal, 
Uio tuorbiil ohiiugoH KrniliinUy iliaappoar, oiid tho fiiiiotiou 
bo Gomplotely restored. Tliis process bottins at Uiu ooutral 
SGffinoiit, by a rormution of tixsiie wliioli extend* to tlio 
poriplioral cud of tliu iiiTvo, and iilttiiiati.'ly becoiiion nerve 
flbro. Tliu exact mctliod in which tliis tiikes phicc w not 
kuown, but this is oortnin, tliat tlio two undi of tho divided 
nervo buuotno jouiud by uorvous tissuo oapahlc of truntimittiug 
funotiou as boforo, Whotlior tlio recovery is oomjiloto or 
partial, dopouds on tho special circnmstaucCH of the case. 

Vtiluntaii/ Jl/iurf''.— After diviaiou of a nerve, ohangcs also 
ooour ill the uiuhuIu which bmir a cloNe uonuectioii lo those 
iibovo oinimonited. Atropliy of tlie iimwoulitr flbnis, iioeonl- 
iug to Ei'b, "Ih'st ho);iuH to he diHtiiictly uiiirkvd ui tlio 
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oourse of the second week, steadily advances daring tbe 
following weeks, and may be easily recognized both in lon- 
gitudinal and transverse sections, but especially in tbe latter. 
In the course of five or six weeks the average breadth of the 
fibres will be found to have diminished to less than half their 
normal size. This progresses, the several fibres gradually 
disappear, and there ultimately remains only the hyper- 
trophied connective tissue. This only takes place after the 
lapse of many months, and frequently only after several 
years. In addition to the atrophy, other changes may be 
observed in the fibres. The transverse strife become less 
distinct, less sharply defined, they are more closely approxi- 
mated and more dehcate, though they do not entirely dis- 
appear. The fibres frequently appear sHghtly cloudy, though 
they never, in the earlier stages, present distinct granular 
or fatty degeneration. At this period the muscle-nuclei 
exhibit notable multiplication which conamences in the 
course of the second week, and soon after advances to such 
a height that where previously a single nucleus might be 
found, there are now collections of from six to eight, which 
especially in the atrophied muscles, are crowded together, 
and are much more readily visible without the employment 
of reagents than in healthy muscles. Lastly, a chemical 
ohange may be demonstrated in the contractile substance 
which is rendered evident by a tendency on the part of the 
fibres, increasing with the duration of the paralysis, to under- 
go after injury or death, the pecuhar change known under 
the name of " waxy degeneration." 

The modifications in the interstitial connective tissue com- 
mence at about the beginning of the second week with a mode- 
rate accumulation of cell elements, so that in many places the 
appearance is presented of granulation-tissue having been 
formed between the muscles. This is particularly well marked 
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aroiind tlis blood vessels and the degeiioratod nerve tmnlts, 
and ie everywliere easily discoverable for Beveriil weekw. 
From tlie sixth week onwards the cells gradually disapiiear, 
after first becoming for tho moat part fuBifotra, and changing 
into tlio dense, wavy oonnective tisaue wliioh is rapidly form- 
ing. This hypertrophy of the interstitial connective tissue can 
also be recognized at as early a period as the second wceli, 
from which time it stoadOy incroaaes weokhy weels, new mate- 
rial gradually assumiug tho form of dense, wavy biiuds of con- 
nective tissue of considerable breadth, which penetrate tho 
muscles, and sopitrate tho several fibres from each other 
by strong so^Jta. The muscles are thereby rendered denser 
and firmer, and tho nowly-formod tlaauo subsequeutly under- 
goes cicatricial retraction." 

If regeneration of nerve takes place, these morbid changes 
in the muscle may gradually clear away. This, however, in 
always a very slow, and generally imperfect proueaa, owing to 
the extensive hypertrophy of the connective tissue, constitut- 
ing a true cirrhosis of the muscle. In thoee cases which do 
not recover, the hypoitrophiod connective tissue becomes more 
deneo, and there is total atrophy and disappearance of the mus- 
cular fibre, so that after some years the muscles are converted 
into flattened cords of connective tissue. 

The explanation of all these phenomena, which appears to 
be most probable, and which is supported by the facta of the 
present enquiry is, that these degenerate changes in nerve and 
muscle are due to the separation of the tiHsucs from the cen- 
tral nervous system. Hero, there wonld seem to exist those 
elements which preside over tho nutrition of these structures 
which undergo changes when their influence is removed. 
Whether there are special trophic tracts, and where these 
lie, ore queationa not yet practieaily demonetrated. 
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B. Electbical Eeactions afteb Injuby to Nebyous Tissues. 

Accompanying these anatomical changes, there are corre- 
sponding alterations in function, and in electrical reactions. 
The extent and nature of the last, enable us to judge with great 
accuracy the condition and stage of the former ; indeed, it is 
the correspondence between them, and the deductions which 
can thus be formed, that constitute the art of electro-dia- 
gnosis. 

Spinal Cord, — After simple division of the cord, the elec- 
trical reactions of all the nerves and muscles remain normal. 
When a portion of the entire thickness of the cord is injured 
or diseased, the current applied to the part itself wonld 
produce no effect. The nerves derived from it, as well as 
the muscles they supply, would exhibit the characteristic 
changes of degeneration, which will be presently described. 
All the structures below this point would be normal. De- 
struction of the entire cord would be followed by the same 
degenerative changes in all the nerves and muscles it 
supplies. 

Motor Nerve, — When a motor nerve is divided, and the 
series of histological changes, above described, induced, the 
electrical conditions of both nerve and muscle deviate from 
the healthy type, and the alterations in each must be speci- 
ally studied. Immediately after the section of the nerve, 
there is sometimes sHght increase of electric response to both 
currents, when applied to the peripheral portion, which, how- 
ever, only lasts a day or two. This is due to excess of 
excitability, as a result of irritation from the injury. After 
this there is a continuous quantitative diminution with both 
currents, without quahtative changes, a stronger power being 
necessary to cause the former amount of muscular contrac- 
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tions. This shows diminished functional activity of nerve 
accompanying organic changes in structure. This impaired 
response rapidly advances so that in from the seventh to the 
twelfth day, the excitability of the nerve to both currents 
becomes completely abolished, this loss of action spreading 
from the cut surface of the nerve to its periphery. This 
remains permanent, unless regeneration takes place, in 
which case the normal contractions slowly return in pro- 
portion to the renewal of tissue, and to about the same 
extent with both currents. The improvement begins in the 
same direction as the disease followed, namely, from the 
centre to the periphery. For a long time the response to 
both currents remains below the normal standard, even after 
voluntary motion has quite recovered. This fact indicates, 
that although the nerve has sufficiently recovered to convey 
voluntary impressions of motion, owing to the recent changes 
in structure it has not yet completely attained its electric 
excitability. 

When the nerve is partially injured, or bruised only, the 
electrical reactions are not so complete, but bear a relation to 
the severity of the anatomical changes. 

Voluntary Mmde, — The reactions to muscle are more com- 
plicated, and differ with the two currents, the action of which 
must be considered separately. 

Faradism — With this the action is exactly similar to that 
of nerve, namely, — rapid diminution ending in complete ex- 
tinction in about twelve days, at the end of which time direct 
irritation of the muscle with the induced current produces 
no muscular contractions. This shows that the peripheral 
branches of the nerve, as well as its trunk, are functionally 
as well as structurally altered. The return reactions to 
muscle, in cases which recover, are the same as those to 
nerve, only somewhat more tardy in appearance. 
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Galvanisfn, — The reactions with this are very different. 
On being applied directly to the muscle, for the first week 
there is progressive diminution of response, sometimes pre- 
cceded by slight exaltation. At the end of this time, a 
gradual increase of reaction is developed, which, towards the 
close of the second week, may exceed the normal condition. 
This indicates the effects of removal of the nerve influence, 
the muscular fibre itself being as yet structurally healthy. 
Soon afterwards, qualitative alterations or a change in the 
natural order of the law of contractions, dcvelope themselves. 
This is exactly reversed, the anodal closure contraction being 
increased so as to equal or exceed the cathodal closure contrac- 
tion (A.C.C. = C.C.C. or A.C.C. > C.C.C.) and the cathodal 
opening, equals or surpasses the anodal opening contraction 
(C.O.C. = A.O.C. or C.O.C. > A.O.C. The nature of the 
contraction also differs. In place of being as in health, im- 
mediate, and short, it is sluggish and prolonged, and often 
there is a state of muscular tonus which remains while the 
current is passing. This sequence of events has been termed 
by Erb the "Eeaction of Degeneration," which is a con- 
venient expression indicating that series of electrical pheno- 
mena, associated with degeneration of muscle. At certain 
stages, the opening contractions altogether disappear, and 
this in proportion as the slowness of the contractions increase 
to the closure of the current. This condition lasts from three 
to eight weeks or more, indicating alteration of muscular 
fibre, without absolute destruction of it. After this, there 
is a gradual diminution of response to the galvanic current, 
although the quahtative changes remain, with the slow and 
prolonged nature of the contraction. This points to organic 
disintegration of the muscular substance, and this is in pro- 
portion to the amount of electrical impairment of response. 
This may so increase, that in cases which do not recover, it 
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IB finally completely lost, the auodal closure contrfictioii being 
the last to be demonatrated. Then we may conclude that the 
muscle is totally destroyed. If the muscle recovers, the gal- 
viuuo reaction is slowly re-established, but remains for a long 
time below the normal standard, after voluntary power has 
returned, and later even than the effects of faradism on the 
aerre. Bo that after the response of nerve to the induced 
oonent is normal, that of muscle to the continuous may 
remain* diminished. This is evidence, that the regeneration 
of nerve and voluntary motion, is in advance of that of mus- 
cle, which ia a slower process. The reaction of gnJvanism to 
muscle is therefore indopeudeut of that of faradism to nerve, 
so that wo may have the latter producing healthy contractions 
when stimulated indirectly, with normal voluntary motion, 
and at the same time with the former diminished response, 
and even sUght qualitative changes when apphed directly to 
the muscle. Such would suggest that while both nerve and 
muscle were practically healthy, the latter from its late thick- 
ening and induration constitutes a bad conducting medium 
for the electricity to reach and act upon its substance. 

Buch then is the sequence of anatomical ohaugea, which 
occur both in nerve and muscle, after artificial section of the 
former, and also the series of electrical phenomena which 
ensues. Those bear a marked relation to one another, so 
that a careful comparison of the preceding considerations 
will enable the observer from the electrical conditions, to 
arrive at an esact knowledge of the histological state of 
either nerve or muscle. A knowledge of this, as will sub- 
sequently be shown, is of the greatest importance in the 
the diagnosis of many nervous diseases. The diminution 
or loss of electric excitability to nerve, indicates its degener- 
ation, and the stage in proportion which it has reached. The 
extinction of the faradic current to muscle, does not prove 
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muscular degonoration, but loss of oxcitability of tho norvous 
filaments iu its BubHtaiico. Tho incrcaHO to tho galvauio 
ourrout shows tho iibros to bo eKHciitially healthy, but tboir 
nutritiou altered through being deprived of ncrvo iufluonoo, 
and the qualitativo ohanges, indicate dogonerative modifica- 
tions of its structure. Tho subsequent diminution of the 
galvanic irritability, is evidence of atrophy of the fibros, and 
its total loss is proof of the complete destruction of tho 
muscle. 

The following table attempts to show the relation which 
exists between the anatomical changes in nerve and muscle, 
and the electrical reactions. A case of serious injury of uorvo 
is taken as an example. 



Anatomical State of Nerve and 
Muscle, 

Before iiyury. Norro and musole 
normal. 

l«tt(;06% after injury. Nerve, Co- 
agulation, breaking up of medullary 
■heath into granules and fat glo- 
bules. Mtude, No marked change. 

2nd to 4th week. Nerve. Contin- 
ued degeneration, extensive fatty 
metamorphosis. MuscU, Commenc- 
ing atrophy of fibres. 



4th to IWh week. Nerve, Contin- 
ued degeneration, diminution of me- 
duUary and fatty masses which are 
absorbed, hypertrophy of neuro- 
lemma. Mutde, Atrophy oontin- 
ues, diameter of fibres diminished 
by absorption. Strin obliterated. 
Multiplication of nuclei. Increase 
of oonneotiTe tissue. 



Electrical UeactioiM, 

Before inj ury . Electrical reactions 
normal. 

let week after iiyury. N^rve, 
Faradism and galvanism, great dimi- 
nution. JduMcle, Faradism, great 
diminution, galvanism, slight dimi- 
nution. 

^ndto 4th week. Nerve, Faradism 
and galvanism, total loss of reaction. 
Muscle, Faradism, total loss of re- 
action. Galvanism, gradual increase 
of response 0.0.0. ^A.O.C, but 
latter increased. 

4th to lOth week. Nerve, Total 
loss of response to fiuadism and 
galvanism. Muscle, Total loss to 
faradism. To galvanism response 
still high above normal but begina 
to diminish. Contraction slow and 
tonic, A.0.0. =0.0.0., or A.0.0.>> 
O.CC. 
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lOth to SMh week. Nerve, Tubes 
completely degenerated, increase of 
nuclei, masses of fat and granules, 
axis cylinder resists longest, hyper- 
trophied connective tissue in abun- 
dance, true cirrhosis of nerve. MuS' 
cLe. Atrophy progresses, granular 
and fatty degeneratioui disappear- 
ance of fibres, hypertrophied con- 
nective tissue. 

80e^ to AMh week. Nerve. Be- 
generation begins, absorption of 
degenerated matter, new formation 
of nerve tissue. Mtiscle, Continues 
as before. Cirrhosis. 

40th to 55th week. Nerve, Re- 
generation continues. Muscle, Be- 
gins to regenerate. 



After 65th week, Begeneration 
progresses slowly in both nerve and 
muscle to complete recovery. Con- 
nective tissue of muscle long remain- 
ing thickened. 



I 10^^ to SOth week. Nerve, Total 
i loss to faradism and galvanism. 
Muscle, Total loss to faradism. To 
galvanism response has gradually 
fallen to about normal level. Con- 
traction slow and tonic. A.C.C. = 
C.C.C, or A.C.C.>C.C.O. 



ZOth to 4Xith week. Nerve, Gradual 
return of response to both currents. 
Muscle, Faradism, no response. Gal- 
vanism falls below normal. A.O.C. 
= C.C.C, or A.C.C.> C.C.C. 

40^^ to 55th week. Nerve, Con- 
tinued increase of response to both 
currents, but both still below nor- 
mal. Muscle, Besponse to faradism 
begins. Galvanism still falling. 

After 55th week, Beaction to both 
nerve and musde gradually improve, 
but remain a long time below normal 
after voluntary motion has com- 
pletely returned. 
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CHAPTEE VII. 

Electbical Eeactions in Disease. 

We have seen, that after mechanical injury to a motor nerve, 
a well defined series of pathological changes ensue, in both 
nerve and muscle. The same sequence of events is found to 
take place in many diseases of the nervous system. It has 
been also shown, that these anatomical alterations are ac- 
companied by characteristic electrical reactions, the one bear- 
ing a constant relation to the other. It is, therefore, evident, 
that a careful comparative study of these physical states, must 
lead to very important information concerning the nature of 
disease. In the present enquiry, we shall have to deal mainly 
with modifications of motility, and more particularly with 
paralysis. In this condition the electrical reactions vary in 
its different forms, and may be classified as follows : — 

1. Normal Reactions in Paralysis, — With loss of voluntary 
motion, the responses resulting from the irritation of both 
currents, to nerve and muscle, may be normal, or practically 
httle changed. This indicates that, although movements are , 
arrested, the structure of nerve and muscle is healthy. This 
occurs in all paralyses of cerebral origin, the explanation of 
which wiU be understood from a consideration of the hypo- 
thesis subsequently to be advanced, namely, that serious 
degenerative changes only take place, when there is either 
disorganisation of the trophic centres of the spinal cord, or 
when the influence of these is cut off from the tissues by 
disease or injury of any portion of the motor tract. These 
normal reactions also occur in many spinal paralyses, indeed, 
in all those in which the grey matter of the cord is not in- 
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Tolved. Even in paraplegia, as a result of this, the elec- 
trical reactious of the lower limbs may be normal. This 
shows that the portion of the cord, &om which the nerves to 
the lower eitremitiea take their ongin, ia healthy. Careful 
examioation of the muscles higher up, would probably end in 
the discovery of some point where abnormal electrical reac- 
tions were found, from the extent of which we would infer 
the limits of the leeion in the grey matter. The same may 
exist in certain stages of peripheral paralysis, especially those 
of a shght and temporary character, indicating, that although 
the affection ia sufficient to cause abeyance of voluntary motion, 
it is not so advanced as to induce euch organic change as leads 
to abnormal electrical reactions. Finally, the whole class of 
Ro-called Junctional paralyeea are a,s a rule accompanied by 
negative phenomena. For example, in a chronic case of 
hyaterical paraplegia, the responses to the faradic and gal- 
vanic currenta would be everywhere normal to both nerve and 
muscle. 

2. Quantitative Changes in Paralysis. — These consist of sim- 
ple increase, or diminution, of electrical response, without the 
reaction of degeneration or other qualitative changes. 

{a.j Simple Increase, is occaeioually seen in a variety of 
different forms of paralysis. It is usually of slight degree 
and of temporary duration. It ia sometimes present in the 
affected limbs, resulting from cerebral disease, and especially 
in its early stages. It occurs in hemiplegia following haimor- 
rhage, embolus, and other acute diseases of the brain, and ia 
due, either to the presence of an irritating lesion, or to the 
inhibitory Influence of the cerebral centre being removed from 
the peripheral tissues. Therefore, aimple increase of electro- 
excitability, slight, uniform, and temporary, at the outset of 
the disease often occurs in cerebral disorders, and if the in- 
crease be coQsidcrable there is probably an irritating lesion. 
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In certain forms of spinal disease this quantitative increase 
may also be found. In almost all acute and inflammatory 
affections, such as meningitis and myelitis, this may exist at 
their onset, but as a rule is only temporary, and is due to 
increased excitability of the tissues as a result of the morbid 
process. It usually disappears with the progress of the dis- 
ease, as it becomes chronic. In any irritating lesion of the 
cord this may likewise bo observed, but is generally of a 
transitory nature. In certain chronic disorders it exists, 
and more especially in the early stages of degeneration of the 
posterior, and antero-lateral cohimns, as in locomotor ataxy 
and lateral sclerosis, and in the latter disease, it may be of a 
tolerably permanent character. Even in the incipient stages 
•of chronic disease of the grey matter of the cord, this increase 
of response may occasionally be observed, as in progressive 
muscular atrophy, infantile paralysis, etc., but is always 
slight in degree and temporary in duration. This condition 
is probably due to the excitability of the nervous structures 
being increased by irritation of the disease in the cord. 
In cases of paraplegia, the whole thickness of the cord 
may be destroyed to a limited extent, producing com- 
plete paralysis of the lower part of the body, and yet the 
electrical reactions may be there quantitatively increased. 
This is due, partly to irritation, but is chiefly the result of 
the inhibitory influence of the brain being removed from the 
peripheral parts, the tracts to and from which, probably He 
in the lateral columns. Increase of electrical response is 
occasionally observed in the very early stages of peripheral 
paralysis, in which it is slight and temporary, and is the 
result of the irritating lesion. This increase is also seen in 
Junctional paralyses, and in cases of weakness from general 
debility ; and is explained by depression of the nervous cen- 
tres, depriving the nerve and muscle of their normal inhibi- 
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tcvy uiflii«iice. locreaRe of response vith galvanUro, and 
dJnuntitioii with taradiam, to mnecle, is olmoBt always asso- 
ciated with qualitative changes, and indicates serious diflease 
of the nerve, witli commencing alteration of muscle. 

AiioUier explanation of the increased electric excitability 
may bo, that the disease has modified the conducting media 
of the affected parts. Atrophy of fat, skin, or ohter tissues, 
may, by diminishing the resiHtance, enable the cnrrent to 
reach the etractores below more readily than in health, and 
thus cause an apparent increase of action. In other ways 
also, that we cannot explain, the unhealthy condition may 
Augment the readiuetts of respous«. On this subject we 
have little definite inibrmation, but it must not be lost sight 
of that this 'iM a possible explanation of hyper -excitability 
to the electric utimulus, 

In Home anomalous forma of paralyuB to which we apply 
the term "hysterical," there is remarkable irritability and 
exaggeration of all the reflex acts. These are so exalted, 
that when an eli»;triual current is apphed to a nerve or its 
branches, it exciteii a Heries of reactions never seen in health. 
Instead of the muscular contractions being limited to the 
ti»snea directly stimulated, there is vigorous action of the 
neighbouring, and even of distant parts. Sometimes the 
mUKcles of Uie opposite hmb are put into functional activity. 
Benedickt utatcs that he has observed tliia in a case of pro- 
gressive muscular atrophy. Personally I have noticed these 
phenomena on several occasions, but only in those forms of 
paralysis which from other circumstances had been diagnosed 
aa hysterical. Beard and Rockwell consider this to be the 
result of organic dinoaee of the cord. This will of course 
depend npon the definition of so called functional disease and 
what the pathologist understamls by the word "organic." 
Under any circumstances it ia clear evidence of some ahnor- 
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mal hyper-excitability of the nervous system, and of some 
local condition of the grey matter of the cord, quite apart 
from cerebral and mere volitional imperfections. 

b. Simple Diminution, 1st Nerve. — The response of both cur- 
rents to the nerve may diminish to complete abolition, 
without necessarily being accompanied with qualitative 
changes. To a moderate extent this may be present in 
all very chronic forms of paralysis from whatever source, 
and is the result, partly of function being so long in abey- 
ance, and to simple atrophy, and partly to secondary de- 
generation in the nerves themselves. In paralysis from 
cerebral disease which has existed many years, there is gene- 
rally slight quantitative diminution of response in the af- 
fected limbs, as compared with those of the healthy side, 
but this never exists to a great extent, even in the most 
advanced cases. The same takes place, and for the same 
reason, in chronic spinal paralysis. If the anterior comua 
are diseased, there are in addition, quahtative changes. 
Finally, simple diminution in response appears in almost all 
cases of peripheral paralysis. 

Simple diminution of response in all these cases indicates, 
that while the function of the motor nerve is impaired, and 
its structure altered, its degeneration is not complete, and 
the extent of this may be judged from the amount of the 
electrical reaction. Care must be taken not to confound the 
diminished action to nerve, with a possible primary atrophy 
of muscle. 

2nd Muscle. — Diminution or loss of response to the fanradic 
stimulus applied directly to muscle, indicates impairment 
or destruction of the intra-muscular nerves, not necessarily 
of the fibres themselves. This usually occurs coincidentally 
with disease of the nerve trunks, and under the same condi- 
tions. Diminution or loss to the galvanic current, is gene- 



b; qulitoliTe changes, bat b; itself 
Mtnctioii of mnscnlar tiesae^ 
S. QitaUuitaM Cka»gm n Pandgna. — This imptjes that the 
electrical responfies to nerre and nuuele faaTe undergone 
changes in quality and dtaractcT, in addition to altaatioiu 
in qnanti^ and d^ree. The former nerer exists withoat the 
latter, and the two together cocstitate the reaction of d^ene- 
ratioD. In eerAral paralycia tliis is never seen, except in 
those Bnasoal easee, irheu a toraoor of the brain, by 
mediamcal presstire, catisee disease of a peripheral nerve, 
with the nsnal degenerative sequence of events. This, how- 
eVOT, is not a trae cerebral paralysis. In certain forms of 
jpfnof paralysis the reaction of degeneration is fonnd in its 
fuQ extent, namely, complete loss of response of nerve to 
both currents, loss of response of muscle to ^radism, in- 
creased action of muscle to galvanism, with inverted polar 
reactions. This is seen in diseases of the cord, in which the 
multipolar cells of the anterior comoa of the grey matter are 
degenerated, as ]a extensive myelitis, and infantile paralysis. 
This reaction is never met with ia degenerations of any other 
p<ffti(m of the cord, and is consequently absent whca the 
posterior or autero-lateral colamna alone are involved, as in 
locomotor ataxy, and lateral sclerosis. In peripheral paraly- 
sis, the reaction of degeneration is present in its most typical 
form, and is met with in all severe injuries or diseases of the 
motor nerve tmnks. It ia therefore found in surgical injuries 
to nerves, and in all those morbid conditions, rhenmatic and 
otherwise, which serioaaly involve their stractnre. This 
condition is also seen in certain afTections, the origin and 
nature of which are as yet not thoronghly onderstood, such 
as lead palsy, bat if not demonstrated, the general symp- 
toms as well as the electrical reactions, enable as to suspect 
the seat of lesion. 
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The complete series of changes just described, indicates 
serious disease of both nerve and muscle. There are, how- 
ever, modifications from the typical reaction of degeneration, 
by no means uncommon, and very important in diagnosis. 
1st. The increase of galvanic response is frequently absent, 
all the other signs being present. The explanation of this is 
not certain, but it is probably due to the fact that, in chronic 
disease, the changes in nerve and muscle proceed slowly 
together, so that by the time the influence of the nerve is 
totally lost, the excitability of the muscular fibre has parti- 
ally diminished. This seems all the more likely as we find 
that the increase is always best marked in paralysis which is 
sudden and complete. 2nd. The response to the nerve may 
remain normal throughout its whole extent, and produce 
healthy reactions when stimulated with both currents, the 
muscle irritated directly with faradism also being followed by 
normal actions ; but with galvanism, indicating the usual 
degenerative reactions, as in progressive muscular atrophy, 
amyotrophic lateral sclerosis, etc. This indicates that while 
the nutrition of the nerve is healthy, that of the muscle is 
diseased. 8rd. Conditions arise in which the nerve trunk is 
found impaired to the action of both currents, but each, when 
applied directly to the muscle, is followed by normal reac- 
tions. This points to partial disease of the nerve trunk, its 
peripheral intra- muscular branches, and the muscle itself 
remaining healthy. This is seen in the early stages of 
rheumatic neuritis, or traumatic injury of nerve. 4th. Both 
currents applied to the nerve trunk fail to produce any 
response, with faradism to muscle no reaction, but with 
galvanism to the latter, normal or increased reactions. This 
indicates that the nerve is diseased throughout its entire 
length, including the peripheral filaments, and that the 
muscle is healthy, which is sometimes seen in the earlier 
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Btftgos of nerve tnink itisGHso, and in acute Rffeotious of llio 
anterior cornua of the cord, 6tli. There may cxiet a ntato 
in which both currents applioil to tlio trunk of a nervo, pro- 
duce normal contraotioue, farndism direct to musolo, uo 
renponso, and galvnniHm to the samo, healthy action. Thin 
IB evidence of normal nerve trunk and mueoular fibre, but 
disease of the intra-niuBcular norvona branohsB, and is 
found in caseB of temporary paratyBis from oold, etc. This 
phenomenon also showB that tlie hcnltliy nerve trunk, vrhva 
etimulated, is capable of transmitting its motor influouoo to 
the muecle through itn diHcaseil periplieral hrunohos. Oth> 
When irritation of tlio nerve trunks by both currents causa 
normal contractions, faradism direct to musolo uo reBponsc, 
and galvanism to the Bame, all tlie sii^ns of reaction of de- 
generation, we ooncliule that the trunk of the nervo is 
healthy, and that there is degeneration of muscle with its 
intra- niuBciilar nerves. This may aomotimes be seen in lead 
palsy. 7th. With norvo either hcaltliy or diBeased, if muscle 
shows quantitative diminution to galvauism, with or without 
qualitative cbangoB, it indicates serious degeneration of the 
muscular eubtttanoc, as seen iu advanced infantile puralyBis 
and progressive muscular atrophy. 8th. Lastly, complete 
abolition of response with both currenta, to nerve and muBcle, 
indicates entire destruction of those two struoturea, as seen 
in the late stages of polio -myelitis anterior, lead poiBouing, 
and peripheral paralyeis. 

4, Kfffcti nf IntfiTtipting th« Currtnti in raralym. Fara- 
dUm. — In health, as has already been pointed out, the more 
rapidly the faradie current is interrupted, the more powerful 
is the stimulus to a motor nerve. In disease it Is exactly the 
reverse, as when there is nervoua degeneration, tlie slower 
the interruptions, the more vigorous the muscular contrac- 
tions, and vicr rei-nii. At certain stngcB of disease there may 
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be no response whatever to irritation of a nerve with rapid 
interruptions, while this may exist when they are very slow. 
The practical knowledge we arrive at from varying the inter- 
ruptions of the faradic* current is, that in proportion as the 
nerve fails to respond to these when rapid, so may we con- 
clude that its excitability is diminished. If it still reacts to 
slow, but not to quick interruptions, wo may assume that its 
irritability, although impaired, is not altogether destroyed. 
The same follows when the induced current is applied directly 
to muscle, from which we infer the condition of the intra- 
muscular nerves. 

Galvanism, — In disease, the result of the interrupted con- 
tinuous current when applied to nerve, is the same as that 
just described as occurring after faradism, namely, the more 
advanced the degeneration, the less capable it is of respond- 
ing to rapid interruptions. When the nerve is so altered in 
structure as to deprive the muscle of all nervous influence, 
the reactions on the latter are different. We have already 
seen that under these circumstances where the fibres remain 
healthy there is tetanic spasm when interrupted galvanism is 
apphed to them, but the energy of this is in proportion with 
the slowness of the interruptions, hence the more rapid they 
are, even in health, the less active the result. When the 
fibres are diseased, this power of response to the interrupted 
continuous current is diminished, so that as the degeneration 
advances, the muscle only responds to very slow contractions. 
Thus, in our inquiry, if a muscle reacts to very rapid gal- 
vanic interruptions, we may infer that its structure and 
nerve supply is normal, and in proportion as it fails to 
respond, so are these degenerated. If the nerve trunk does 
not, but the muscle itself reacts to a moderately interrupted 
current, we may conclude that, while there is alteration in 
the structure of the former, the latter is not materially in. 
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If tbe musde oaly coutntcts witii slow iutorrui>liiMi8, 
it IB evidence of cousiJi^rable motlificotioQ in iU iiutritioti, 
nud fiDAll.v, if it does uot cniitrfict wiUi evcu tlie slowest 
iiitemiplious of a powerful currtMit, we may coucltide tliat 
total dostrnctioD lias enauod. 

I lia\-e observed an several oocnsiouB in diseased luusclo, 
that rapidly interrupteil galvanism produced a euddcii con- 
traotiou, iuimiHliatcIy followed by relaxation, nltboiigh the 
current still continncd to pass ; in sLort there was no 
tetanus, I do not know liow this is to be explaiueil, or 
what morbid state it esjtctly represents, ll would se<.>ra to 
indicate tbat in adv&uoed muscular degeneration, vitliout 
complete disorganization, tlte shoclt of iuterrupteil galvanism 
produces a contmction, but that tlie muscle, owing to dis- 
ease, has lost its tonicity, and capacity to maintnin a tetanic 
spasm. 



Theory op Electkical Bbactioss in Diseask. 



We liave seen, in paralysis arising from diseasoe of dif1or> 
ent localitica, and involving different structures, that although 
loss of voluntary motion ia a coininon symptom of all, the 
electrical reactions greatly vary, and that, as wo rfiall find, 
according to the tissues affected. In some these are normal, 
in Bome there are only quantitative changes, and in others 
there ars quaUtative alterations in various degrees and 
character. This last, or tlio reaction of dcgenerutiou, ia 
never found in paralysis from brain disease, or in tlioao 
affections of the Bpinal cord in which the white columns 
alone are degenerated, It is mot with only when there is a 
lesion of the grey matter of the cord, or when there is seriouB 
injury or disease of the peripheral nerves. It ia therefore 
evident that dcstnictiou of the cerebral lisaucs, or of the 
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white columns of the cord, do not in any way affect the 
nutrition of nerve and muscle, while if the grey matter of 
the latter is disorganized, or its influence severed from the 
muscle, there is atrophy with modified electrical reactions. 
This fact combined with clinical observations, seem to indi- 

4 

cate that in the centres there are various separate tracts for 
conveying nervous influences, whether of sensory, motor, or 
trophic character, that these run different courses, and that 
one or more of them may be specially diseased. The most 
plausible hypothesis to explain this, although not anatomi- 
cally demonstrated, and that which seems to accord best with 
known facts, presumes, that in the multipolar cells of the 
anterior cornua of the grey matter of the cord, are situated 
those elements which preside over the nutrition of both nerve 
and muscle. When this portion of the nervous centre is 
completely destroyed, there is invariably alteration in their 
structure, as seen in severe myehtis and infantile paralysis. 
That these nutritive centres are distinct from the sensory or 
motor tracts is evident from the fact that there may be a 
loss of both sensation and motion, without necessary altera- 
tion in the structure of either nerve or muscle, as is observed 
in paralysis from disease of the brain or white columns of the 
cord ; and conversely there may be degeneration of tissues, 
without either paralysis of motion or sensation, as is seen in 
progressive muscular atrophy. It would also appear that 
the trophic centres themselves may be further subdivided 
into special channels supplying particular tissues, as in the 
anterior cornua there not only exist elements influencing the 
nutrition of nerve and muscle, but these apparently are dis- 
tinct from one another, running a different course, and 
capable of being independently diseased. This is indicated 
by the fact that in certain partial degenerations of the grey 
matter of the cord, the muscular substance alone atrophies, 
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while the nerve tissues remain healthy, as in progressive 
muscular atrophy ; and in others the uerve may he altered, 
and the muscle continue normal, as in the early stages of 
polio-myelitis anterior. In disease of the anterior cornua, 
why certain of their trophic cells should become functionally 
inactive, leaving others normal, we do not know, nor has an 
explaaation as yet heen anatomically demonstrated. The 
clinical and pathological fact remains, that in diseases of the 
anterior cornua, in some the nerve only is degenerated, in 
some the muscle alone, and in others both of these are 
altered in structure. The practical point to be observed is, 
that in paralysis from disease of the spinal cord, if degenera- 
tion of either nerve, or muscle, or both exist, we may 
conclude that the seat of the lesion is in the ganglionic 
cells of its anterior cornua, and on the contrary, if these 
Btructures are normal, it may be inferred that this portion of 
of this spinal centre is healthy. 

The same explanation is appHcahle to the phenomena of 
the reaction of degeneration, which follows injury or disease 
of peripheral nerve. In this case the tracts conveying nutri- 
tive and motor influences to the nerve and muscle are severed 
by the lesion, and the connection between the centres and the 
tissues are broken. Hence the completeness of the paralyaia 
and of the degenerative and electrical changes following peri- 
pheral nerve affections, as compared with those fallowing 
cord disease, in which Bome of the elements may escape 
destruction. 

All these phenomena have been ingeniously portrayed by 
Erb, and the accompanying diagram (fig. 5), shghtly modi- 
fied from his, places this hypothesis in bo clear a hght, ae to 
be readily understood. G is a large multipolar ganglionic 
cell in the anterior cornua of the cord. N a peripheral nerve 
trunk supplying M, a muscle, c is the motor conductor from 
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the brain, which Hes in the lateral columns of the cord ; this 
continues through the gangUonic point G to c'. m is the 
central trophic apparatus for the muscle. The tract m-m' 
represents the trophic conduction emanating from the appa- 
ratus, and somewhere (probably at Q) uniting with the motor 
tract, n is the central trophic apparatus for the motor 

Fig. 6. 




nerve, and n-n' is the tract which conducts its trophic in- 
fluences to the motor fibres. If c alone is diseased, there is 
paralysis without atrophy of nerve or muscle, and normal 
electrical reactions as in cerebral diseases, and lateral sclero- 
sis. If m alone is diseased there is atrophy of muscle. 
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mthoTit paralysis or nerve affection, and the electrical re- 
actions demonstrate normal conditions to nerve, with quanti- 
tative and qualitative alterations of muBcle, aa seen in 
progressive muscular atrophy and bulbar paralysis. If n 
alone is diseased, the nerve is degenerated, and the muscle 
remains healtby. The electrical responses are lost to nerve, 
and galvanism is normal to muscle, as seen in the early 
stages of infantUe paralysis. If c-m are both diseased, there 
la paralysis with muscular atrophy, the electrical reactions 
indicate healthy nerve and diseased muscle, as in amyo- 
trophic lateral sclerosis. If c-h are diseased, there is 
paralysis with degeneration of nerve, and healthy muscle. 
If m-n are diseased, there is degeneration of both nerve and 
muscle. The same ensues with paralysis if c-n-m are all 
affected together, or G by itseK is destroyed, as seen in 
myehtis transversa, or polio-myehtis anterior. 

When N is entirely diseased, including the tracts o'-n'-m', 
there is complete loss of voluntary motion, with degeneration 
of nerve and muscle, with corresponding electrical reactions, 
or the severe form of peripheral paralysis. If o'-m' or c'-n' 
are degenerated, in the one case there is paralysis with atro- 
phy of muscle, and in the other paralysis with alteration in 
nerve, or the middle forms of peripheral paralysis. If the 
tract c' alone is involved, there is loss of voluntary motion, 
with healthy nerve and muscle, and normal electrical reac- 
tions, or the mild form of peripheral paralysis. 

It is to be remembered that the preceding statements are 
purely hypothetical and diagrammatic, and although they 
appear to be the most plausible esplanations of the clinical 
facts, it must be admitted that they have not been actually 
demonstrated. 
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CHAPTER Vm. 

Electrical Eeactions in Special Paraltses, Illustrated by 

Cases. 

I. Paralysis from Disease of the Brain. 

In paralysis, as a result of disease of the brais, the electrical 
reactions of both nerve and muscle are as a rule normal. 
However long the loss of motion may have existed, the con- 
tractihty of the affected muscles is the same as in health. 
Although this is the general law, it is subject to certain 
limitations. If the local injury or disease produces irritation 
of the centres, the excitabiUty of the nerves and muscles is 
sometimes thereby augmented,' and there is in consequence 
simple quantitative increase of response to the electrical 
stimulus, which is observed chiefly at the onset of the dis- 
ease. Another reason for this increased reaction in paralysis 
from destruction of cerebral tissue, is, that as a consequence 
the inhibitory influence of the brain upon the spinal cord and 
nerves is removed, and thus motor activity is augmented be- 
low the seat of lesion. Again, this may be the result of a 
modification of the resisting media caused by the disease, due 
to atrophy of the intervening tissues, especially of the skin 
and fat. This may induce an apparent excess of action to 
the same strength of current on the affected, as compared 
with the healthy side. In certain other cases, especially 
those of a very chronic nature, there may be simple quan- 
titative diminution of electrical response, but this never exists 
to a great extent. It is the result of disuse of the muscles 
bringing about simple atrophy of their substance, and con- 
sequently slight diminution in the vigour of their contrao- 
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tious. It may also be due to BOcondary anatomical cbangea 
in the spinal cord and nerveB, wliicli are accompanied by 
modifications in their excitability. Certain cerebral diaeasea, 
such ae tumours, abscesses, etc., may, by pressure on the 
cranial nerves cause their degeneration and corresponding 
electrical clianges, but such cases are in reality peri- 
pheral paralyees, although originating in a lesion of the 
brain. In short, for practical purposes it may be stated, 
that in paralysis &om brain disease, the electrical reactions 
to the affected nerves and muscles are normal, or only ex- 
hibit shght quantitative, and never qualitative modifications. 
This fact by itself is of great importance in diagnosia. 



A. Paralysis peom Disease of the Braj.n, 
Be ACTIONS Normal. 
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Case 1.— Hemiplegia of three years standing, probahhj hemor- 
rhagic. Electrical reactions normal. E. M., let. 60, female, 
housewife. With the exception of headaches, the patient 
was quite well till three years ago, when her husband 
died. Boon afterwards, having gone to bed one night 
in her nsual health, next morning her right arm and leg 
were found partially paralysed, Fiom this she in some 
degree recovered. Sis monthe afterwards, while lifting a 
heavy weight, her left arm suddenly became completely 
useless. This after a time improved, but imperfectly. A 
year ago the right side became gradually weaker, and this 
has increased up to the present time. 

On CKamiuation, the patient is a fairly healthy looking 
woman. Her head has a tendency to lean towards the left 
side. There is shght indistinctness of speech, but no aphasia. 
The lower part of the right side of the face is partially para- 
lysed. The special senses are normal. The tongue is pro- 
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traded slightly to the left, and its morementB are slaggish. 
Both arms are very weak in all their moTements, and ehe 
cannot reach her head with eitlier hand. There are no 
contractures. She ia very lame in the right leg, and drags 
the toes turned outwards along the ground. There is no 
atrophy of the muscles. 

EUctrical lieactiom. — These are normal with both currents 
applied to nerves and muscles. 

Cask H. — Paralym of right arm of four years duration, the 
result of cerebral disease. EUctrical Reactions normal. W. G., 
sat. 56, male, taUor. The patient states that he was in good 
health till about four years ago, when for the first time he 
noticed weakness of the right arm and hand. This very 
gradually increased, so that in two years he was obliged to 
give up his work. Since then the paresis has continued to 
augment. He thinks that recently the right leg has been 
slightly weak, and that with the arm it sometimes shakes. 
Lately, he fancies bis speech and eyesight have been aSected. 

At present the patient is a perfectly healthy and intelligent 
nan. There is sHght external stiabismuB of the right eye, 
and both pupils are dilated and sluggish. The mouth when 
opened, is slightly drawn to the left. Speech is not affected. 
SensibUity everywhere normal. There is paralysis of the 
right arm, but this is not complete. Most of the movements 
can be performed but very slowly and feebly. He cannot 
overcome the weight of his arm in raising it towards hia 
head, the movements of the joiuts are feeble and the 
grasp of the hand is almost nil. There is no atrophy, 
rigidity, or contracture of the limb, but there is a slight 
tremor of the entire right upper extremity and band, which 
is increased by emotion, and attempts at suppressing it. The 
remainder of the body is healthy, except that the patient 
states he thinks the right leg is slightly weaker than formerly. 
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The only objective Byraptom there to be discovered, ia very 
Blight tremor. The reflexes on both Bides are equal and 
normal, 

Electrical Reactions. — To the nerves and muscles of all the 
limbs, the paralysed one included, the reactions to faradism 
and galvanism, are normal, and equal on both sides. 



B. Fasalysib fbou Disease ov the Bsain. Electbical 
Bbactiohs Quantitatively Increased, 

Case III. — Hemiplnrjia of four months standing, probably 
hmnorrhagie^ Electrical reactions, quantitatively increaied, 
F, S., ffit. 22, male, fishmonger. The patient states that he 
was quite well till four months ago. One day, without apparent 
cause, and while engaged at his ordiuury work, he fell down 
unconscious, and had "a fit." On recovering from thie he 
was paralysed on the left side, but was able to wall{ home 
with assistance. Next morning the entire left side was com- 
pletely motionless. Since then, the loss of power has con- 
tinued, but has considerably improved. 

At present, the patient is a healthy looking man. At 
rest, the face is drawn to the right side, and on movement, 
it is markedly deficient In action on the left. Speech is 
slightly indistinct, but there is bo aphasia. All the move- 
meuts of the left upper extremity are very feeble and imper- 
fect, the grasp of the hand being almost nil. All the muscles 
are in a state of rigidity and contracture, which can be over- 
come by gentle iiassive motion. Tlioro is no atrophy of the 
limbs. The patieut walks lame, and drags the left leg, which 
is stiff and rigid, owing. to muscular contracture. The heart 
is normal. 

Electrical reactions. — Application of both currents to the 
nerve trunks of the left side, indicate marked increase of mae- 
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cular contractions as compared to those of the right side, and 
a weak current which produces slight reactions on the left, 
does not do so on the right. To the muscles, the contrac- 
tions are slightly more vigorous on the paralysed than on the 
healthy side. There are no quahtative changes. 



C. Pabaltsis fbom Disease of the Bbain. Electbical 
Eeagtions Quantitatftelt Diminished. 

Case IV. — Hemiplegia of fourteen years standing, probably 
embolic. Electrical reactions, quantitatively diminished, M. C, 
8Bt. 85, Female, S. Barmaid. The patient was quite well till 
fourteen years ago. One morning on waking the patient 
found she was speechless and paralysed on the right side. 
She was taken to a hospital where she remained a month, at 
the end of which time her speech had completely returned, 
and the paralysis had much improved. A year afterwards the 
patient had an attack of a similar nature and her right side 
has heen weak ever since. 

At present the general health is good and there is no heart 
disease. The patient walks very lame with the right leg, 
which she swings, and the muscles of which are stiff and 
rigid. The movements of the right arm are very limited, 
partly owing to the advanced state of contracture in the 
limb. All the joints are firmly flexed, and the skin is cold 
and livid. 

Electrical Reactions, — Faradism applied to the nerve trunks 
-and muscles of the right, shows the responses to be univers- 
ally diminished as compared with the left side, but not to a 
great extent. Galvanism to both nerves and muscles of 
the affected limbs indicates slight quantitative diminution, 
without qualitative changes. 



D. Pabalysis from DiaEASE of the Brain. E 

Reactions Noeiial to most op the Nerves and Muscles. 

Ee ACTION OF DeOENEBATION to CEBTAIN NeRVES AND 

Muscles as a Result of Mechanical Pebbbube. 

Cabs V. — Eight hemiplegia probably the remit of cerebral ab- 
scess, Elfctrical reactiona to paralysed side normal. Left facial 
paralysis with reaction of degeneration to mascles, J. G,, ffit. 64, 
male, mason. The patient has euifered for many years from 
diabetes, but with tliie exception Las been in good health till 
abotit a year ago. At this time he bad a fall on the head, 
and was severely wounded over the left parietal bone. Por- 
tions of this necrosed and kept up an open sore, which only 
healed a few weeks ago. Three weeks ago he was one day 
suddenly seized with a feeling of atiffness in the left side of 
his face, and ehortiy afterwards it was noticed that this was 
partially paralysed, and that the features were drawn towards 
the right. He also experienced severe pains in the head, and 
acute ear-ache on the left side. These symptoms have con- 
tinued since. 

At present the diabetes exists as formerly. The left side 
of the face is completely paralysed with all the usual Bymp- 
toms, the features drawn towards the right, inabibty to 
close the left eye, embarrassed speech, collection of food in 
the cheeks, etc. Sensibihty of both sides of the face normal. 

Electrical Reactions. — Faradism applied to both nerve and 
musole on the left side, produce no contractions. There is 
also no response with galvanism to the nerve trunks. This 
current directly to the muscles causes more vigorous con- 
tractions on the diseased than on the healthy side, they ore 
Blow and tonic, and the A.C.OC.C.C. 

The severe pain in the head, with giddiness, and paralysis 
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of the face continued, without any affection of the limb 
Since the accident, the sight of the right eye has been in 
paired, (he has long been blind of the left eye) , and he hi 
become deaf in the left ear. The patient also says that I 
has experienced some difficulty in articulating and in swa 
lowing. He has no aphasia or defects in intelligence. I 
this condition the patient remained for about thirteen month 
when one day, without obvious cause, he was suddenly seize 
with giddiness, loss of speech, and paralysis of the right sid' 
including the face, without unconsciousness. When see 
four days afterwards, he was very lame with the right le| 
the movements of the right arm were extremely feeble, thei 
was partial paralysis of the right side of the face, and tl 
speech was thick and mumbling, but not aphasic, the movi 
ments of the tongue were very sluggish, and the inteUigen( 
seemed unaffected. Four months afterwards the hemiplegi 
was in much the same condition. 

Electrical Reactions, — The nerve trunks and muscles of tl 
entire right side showed normal reactions to both current 
including the face. On the left side of the face, which : 
also paralysed, the reaction of degeneration still remains i 
the muscles, but now the responses to galvanism are muc 
diminished in intensity. 

n. Pabalysis pbom Disease op the Spinal Cord. 

In the numerous forms of paralysis, resulting from disea^ 
of the spinal cord, the electrical reactions vary in the differei 
types, and their modifications depend entirely on the extei 
and seat of the central lesion, indeed, it is the result of 
careful examination of their character and distribution, whic 
constitutes so important an aid to diagnosis. It may be Ibj 
down as a broad general law, that in paralysis from diseas 



of the cord, if the grey matter is not involved, there are no 
nutritivo alterations, and the electrical reactions are nuriual. 
Hence, if the anterior, lateral, or posterior columna only 
are degenerated, even throughout their whole extent, the 
reeponses of both nerve and muscle to the faradic ajid 
galvanic currents show no material alterations. 

There are, however, certain limitations to this rule. If 
there be acute inflammation of the cord or its membranes, 
we find simple quantitative increase of eleotrieal responses. 
This indicates a general nerve excitahiUty without actual 
degeneration, due to the irritative lesion of the centre. The 
same applies to any disease of the cord, chronic or otherwise, 
which causes hyper- escitabihty of the nervous system. This 
simple increase may also occur when there is limited and 
complete disease of the cord leaving its lower part healthy. 
Owing to the inhibitory action of the brain being thus cut 
off, the parts supplied from the normal centres below, ex- 
hibit in consequence increased excitability. 

Again, in all very chronic casee of paralysis from disease 
of the cord of any kind, there may be simple quantitative 
diminution of electrical -response due either to atrophy from 
long continued disuse of the muscles, or to secondary de- 
generation in the motor nerves. 

When the grey matter of the cord is seriously diseased 
there is almost always interference with the nutrition of nerve 
and muscle, and consequently abnormal electrical reactions. 
This is more especially the case when the large multipolar 
cells of the anterior cornua are degenerated. In such in- 
stances there are the typical reactions of degeneration. If 
the whole length and thickness of the cord is diseased, there 
would be atrophy of all the muscles and nerves derived from 
it, and hence there would be universal abnormal electrical 
roactious. In the ease when a portion only, say an inch or 
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two, was diseased throughout, having healthy structure above 
and below, there is paralysis of all the parts supplied from and 
below the lesion. In those nerves which originate in that 
segment of the cord actually diseased, there would be degen- 
eration, also in the muscles they supply, and consequently 
abnormal electrical reactions; but the muscles and nerves 
attached to the healthy centre below, would be normal both 
in structure and response to both currents, or possibly aug- 
mented quantitatively. In such a case there would be a 
band of abnormal electrical changes, corresponding with the 
amount of cord disease, with healthy tissues above and below. 
Finally, very limited, but complete transverse disease might 
exist, producing paralysis of the parts below, but the elec- 
trical reactions remaining normal, as the disease, being very 
local, does not seriously involve any of the motor roots. Any 
of the above conditions may exist alone, but in practice they 
are often complicated, one or more being present at the same 
time. The destructive lesion may not be complete, it may 
invade several centres, or parts of centres, it may be asso- 
ciated with irritative disease, in all of which cases the electri- 
cal reactions may be imperfect, or mixed, so much so, that 
in many instances, it may be almost impossible to obtain 
definite or reliable data. This, indeed, constitutes the great 
difficulty in the practice of electro-diagnosis. 

A. Paralysis fbom Disease of the Spinal Cobd, Electrical 

Beactions Normal. 

Locomotor Ataxt. 

In the large majority of cases of locomotor ataxy, the 
electrical reactions are normal. In some, especially in 
their early stages, these are quantitatively increased, but 
this condition is always slight and temporary. In others 
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of a very chronic nature, there ii3 said to be qnantitative 
elimination to a, limited estent, due probably to sinaple func- 
tional disuse of the muscles. This last I haTe never seen, 
although 1 have had opportunities of observing several cases 
of more than fifteen years Btanding, and one of tliirty years 
duration, in which the reactions were perfectly normal. There 
ate never any quahtativc changes. 

Case Yl.-^Locomotor ataxy of /our yeandaration. F.Uctn- 
eal reactiom normal, "W. E., let. 35, male, engineer. Th& 
patient states that he was La good health till about four years 
ago, and that he never acquired eyphilis. "Without apparent 
cause he was then seized with darting pains all over his body,, 
which were very frequent and severe. These continued for 
two years without any other aymptoma, after which it was 
noticed that his legs became vreak and unsteady, wliich 
symptoms have gradually increased up to the present time. 

On examination, the patient appears auiemic, but is other- 
wise healthy looking. His walking powers are very uncer- 
tain, and lie cannot move about without assistance. He has 
the characteristic ataxic gait, throws his legs about, cannot 
co-ordinate hia movements, stamps his feet, has to keep his 
eyes on liis legs otherwise he falls down, and in short, he 
Buffers from all the usual symptoms of a tolerably advanced 
case of the disease. Altliough individual movements are ener- 
getic, the patient soon becomes fatigued on exertion. There 
is unsteadiness in the movements of both arms and hands, 
and liis writing and other accustomed acts are greatly im- 
paired although the muscular power remains vigorous. The 
patellar tendon reflexes are completely abohshed. There is no 
muscular wasting. The sensibility of tlie legs is diminished 
to touch and pain, and he does not feel the ground distinctly. 
There is no affection of the bladder, but the patient has shght 
iucontinence of urine. He still complains of the lancinating 
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pains in his limbs. The sight is shghtly impaired, but the 
other senses are normal. Sexual power abolished. 

Electrical Reactions. — A careful examination of aU the 
nerves and muscles of the body with both currents, failed 
to discover anything abnormal. 

Case VII. — Incipient Locomotor Ataosy of nine months dura- 
tion. Electrical Responses quantitatively increased, S.S., set. 
60, male, soldier. The patient states that he has been a per- 
fectly healthy man all his Hfe. He was twenty one years in 
a cavalry regiment, and was ten years in India, but during 
all that time he Hved a steady life and enjoyed good health. 
He never had syphilis. About nine months ago he ex- 
perienced for the first time, shooting pains in his legs, and 
soon after noticed that these were weak. These symptoms 
have continued since. 

At present the patient has good general health. His 
intellect and special senses are normal. He is perfectly 
healthy in all respects except in his lower extremities. He 
complains of frequent attacks of lancinating pains in the legs, 
there is sHght incontinence of urine and total loss of sexual 
power. He walks fairly well and can accompHsh several 
miles a day. The gait is somewhat unsteady, and jerking, 
there is hesitation on turning, and in short it presents all the 
symptoms of a slight form of ataxy. With his feet together he 
oscillates, more especially in the dark or if his eyes are closed. 
There is no numbness or loss of tactile sensibiHty but he feels 
as if he were walking on ** feathers." The plantar reflexes 
are exaggerated and the patient has frequent involuntary 
jerkings of the limbs. The tendon reflexes are completely 
aboHshed. 

Electrical Reactions, — The same current which produces very 
slight muscular contractions to the ulnar and median nerves 
causes very vigorous ones to the anterior crural and popliteal 
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neires. The mueolea to the faradio current respond more 
freely in the lower than in the upper extremities. No quah- 
tative changes. 



Spastic Pahalysis. 

In this disease the electrical reactions in the large majority 
of oaeee are normal. In the eotly stages there is generally 
shght increase of the excitability of nerve and muscle, and 
this may continue for a considerable time after the disease 
has developed. In very chronic cases there is sometimes 
quantitativo diminution hut never to a great extent. There 
are no qualitative changes. 

Case yUI,— spastic Paralysis of one year's duration. Almost 
complete his of vobintarij motion. Electrical Eeactunis normal. 
L. W. let. 88, female, shopkeeper. The patient states that 
she was a perfectly healthy woman till eleven months ago. 
Then her husband died, and she had much trouble with her 
children. About this time she got soaked with rain and 
Buow, and on the following day nhe felt generally unwell. 
About a week afterwards she experienced tinghng uj the feet, 
and a feeling of a tight cord round her waist, but there were 
no feverish symptoms or pain in the hack. Shortly after- 
wards the legs became weak and this increased so that in 
three weeks she could not walk. A month or two afterwards 
contracture began in the muscles, and the logs were drawn 
up, and there were often spasmodic twitclungs of the limbs. 

At present the general health is good. The sensibihty is 
everywhere normal. There is no pain or tenderness of the spine. 
The upper part of the body is in every way normal. The 
lower limbs are powerfully and permanently contracted so that 
the knees nearly reach the abdomen and the heels the thighs. 
The flexors are hard and tense. The joints cannot be ox.- 
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tended and the attempt to do so causes great pain in the mns- 
cles and back. There is very sHght movement of the toes 
and ankle joints, otherwise there is complete paralysis. 
There is no actual wasting although the muscles are spare 
and thin. No bladder or rectal troubles. There are frequent 
involuntary spasms of the lower limbs. Cutaneous reflex 
actions strongly marked but, tendon reflexes could not be 
ascertained owing to the contracture. 

Electrical Reactions. — To all the nerve trunks and muscles 
with both currents the reactions were normal. 

Case IX. — Spastic Paralysis of eighteen months duration. 
Electrical reactions quantitatively increased, F. P., 8Bt. 28, 
male, soldier. The patient states that he was quite well till 
five years ago when he contracted syphihs. From this he 
recovered and remained healthy till eighteen months ago. 
Then being in India and without apparent cause he expe- 
rienced weakness in his legs. This rapidly increased so that 
in about a weak he was unable to walk. He had no illness 
or pains of any kind. During the succeeding few months he 
somewhat improved and his condition became much the same 
as it is at the present time. 

On examination the patient is found a healthy looking 
man, robust in every respect except his lower extremities. 
There is much weakness of the legs. The patient walks 
with some difficulty with the aid of two sticks. The gait 
is a characteristic spastic one, stiff, sHghtly springing, walk- 
ing on the toes which are dragged along the ground, etc. 
There is considerable rigidity of all the muscles which can be 
overcome with passive motion. Plantar and other cutaneous 
reflexes much exaggerated. Knee jerk phenomena in great 
excess, and ankle clonus well marked on both sides. There 
are frequent involuntary movements of the limbs, which are 
drawn up in bed. The sensibility is normal. There are no 



idder, rental, tropbio, or Yaso-iiiotor altorations. The ro- 
mftinder of tlie bntly is uormal. 

Electrical Reactiims.—A. weak !Fftradio current whicli pro- 
duced a miuiittum amount of contraction when applied to the 
nerves and muscles of tlie head and upper limbs, caused very 
vigorous action to those of the lower extremities. This was 
very distinctly marked. A weak faradio current applied to 
any part of one of tlje legs induced tetanic spasm more or less 
throughout the whole limb and frequently caused tlio pheuo- 
menon of ankle olonna. To the galvanic current the same 
excitability of reaction was present, but without quahtative 
change. 

Casb X, — Spiistic Parali/sin of tirelre years iluraliott, Elec- 
trital rfai'tions quantitatiocly diminUhfd, A, F., rat, 40, male, 
carpenter. The patient states that ho was a healthy man till 
twelve years ago. At this time after sleeping in a damp bed 
he noticed that his legs became weak, aud stiff, and this in- 
creased so that in tliroe weeks he could uot walk. From this, 
iu a hospital, he recovered in about a month, and some weeks 
afterwards was able to resume his usual work. He remained 
well for about two years. About this time there very grad- 
ually appeared a weakness and stiffness of the right leg. 
This very slowly increased aud he walked lame with that 
extremity. This advanced aud affected tlie other limb so that 
two years afterwards he had to give up his occupation. This 
condition very gradually increased till about three years ago, 
by which time he had completely lost the use of his legs and 
was unable to move them iu the slightest degree, and this 
has continued with shght fluctuations ever since. 

At present the general health of the patient is perfectly 
good and ho is normal in every respect above the waist. 
There is almost total loss of motion in the lower extremities 
the only raovemonts being very slight flexion of the knees. 



92 ELEGTBO-DIAGNOSIS. 

There is great stiflhess and rigidity of all the muscles of the 
legs and thighs, and the joints are permanently partially 
flexed, a condition only to be overcome with considerable 
force. There is sHght difficulty in making water and the 
bowels are constipated, otherwise the bladder and rectum are 
healthy. There are marked fibrillary tremors of the muscles 
of the lower limbs. The patellar tendon reflexes are exagge- 
rated and tetanic in character. There is a tendency to ankle 
clonus, but no plantar reflexes can be eHcited. The skin of 
the thighs is somewhat cold and shghtly mottled. There are 
no trophic changes and the limbs are well nourished. Sensi- 
bility is everywhere normal. There are no abnormalities of 
the spinal column. 

Electrical lieactions. — Faradism when appHed to the nerve 
trunks and muscles of both lower extremities, show consider- 
able diminution of response, a strong current being re- 
quired to produce contractions. When this is powerful the 
actions are vigorous and otherwise normal. "With galvanism 
there is the same condition, and no qualitative changes. 



Multiple Sclebosis. 

In this disease trophic changes in the large majority of 
cases are absent and consequently the electrical reactions are 
normal. In the early stages there is generally quantitative 
increase of response which may remain for a considerable 
period after the onset of the disease. In very advanced cases 
there is said to be sHght quantitative diminution but I have 
not met with an instance. If the grey matter becomes in- 
volved, the nutrition would be modified and the electrical re- 
actions would be changed in proportion. 



MULTIPLE 9CLEB0SIS. M3 

OiBE XI. — Cerebrospinal multiple Scltroaig of seven years 
duration. Electrical reactions normal. J, S. let. 46, male, 
sawyer. The patient states that he was in fairly good health 
till seven years ago. About this time without obvious cause 
his present complaint began. This increased very slowly 
and insidiously. He has suffered much from pain iu the 
head, he i» very nervoas, weak and shaky, and has been 
afQicted with dullness and loss of memory. He has not been 
able to do any work for two years. 

At present the patient is a depressed, pale and delicate 
looking man. He answers questions with fn jr intelligence 
but is dull and apethetic. He complains of constant giddi- 
nei^s and severe pain in the head. He talks in a slow and 
dehberate manner. His gait is weak, unsteady and embar- 
rassed, but there is no actual dragging of the feet or ataxy. 
The movements of the arms and hands are slow and feeble. 
The face ia drawn slightly to the left side. The sight is weak 
but the other senses aio normal. There are no bladder 
or rectal troubles. No atrophy of muscles. There is a con- 
stant tremor of the whole body including the head which is 
increased when attention is directed to it, or attempts made 
at its suppression. All the reflexes are greatly exaggerated 
especially those of the pateUai- tendons, and there is ankle 
clonus on both aides. Sensibility is shghtly blunted especially 
on the left side. 

Electrical Beactiotu — A careful examination of all tlio nerve 
tnmks and muscles proved them to be nniveraally normal. 

Case XII.^Multiple Spinal Sclerosis of two months duration, 
EUetrical reactiora quantitatively increaied. M. C, tet. 48, 
female, housewife. The patient states that she was quite 
well till two months ago. One morning without apparent 
cause she was seized wiUi shivering, headache, and feverish 
symptoms. Next day these continned, and in addition there 
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was pain in the back and twitchings in the legs. During the 
next few days all these symptoms increased and being unable 
to walk about from weakness in her limbs, she was compelled 
to go to bed. She remained there for five weeks during 
which time the pain in the back was severe, there was much 
weakness of all her extremitieB, and a slight feeling of numb- 
ness in the legs with muscular startings. She then entered 
the hospital where she has been for the last fortnight. 

At present the general health of the patient is good. She 
now does not complain of any pain in the back or elsewhere. 
The inteUigence, sensibihty, and special senses are normal. 
The spine is in appearance healthy and there is no tender- 
ness ; the arms and hands are weak, but movements can be 
performed fairly well. The grasp of the hands is feeble. 
She cannot perform actions so well as formerly, but can sew, 
knit, &c. ; the hand-writing is very shaky and characteristic. 
The legs are very weak, so that the patient walks with great diffi- 
culty; the gait is feeble, shuffling, and uncertain, but there is 
no ataxy or spasm. There is a very distinct tremor of all the 
extremities most marked in the hands, which is increased on 
emotion or on action, and cannot be controlled for a moment. 
Cutaneous reflex movements are increased, and the patellar 
tendon phenomena much exaggerated. No ankle clonus. 
There is no atrophy or rigidity of muscles. Sensibility every- 
where normal. 

Electrical Reactions. — Both currents applied to the nerve 
trunks of the upper extremities produce vigorous and appar- 
ently healthy contractions, and to the muscles the same but 
not quite so well marked. The same strength applied to the 
anterior crural, external and internal popliteal nerves, causes 
much more powerful action. When applied to the muscles 
there are vigorous contractions, but not so much so as when 
the nerves are irritated. No qualitative changes. 
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Pasaltsis Aoitans. 

In this disease, however great the paresis may be, the 
nutrition of the nerves and muscles, and consequently the 
electrical reactions remain normal. 

Case XTTT. — Paralysis Agitans of two years standing. Con- 
siderahle paresis of left side. Electrical Reactions normal, 
M. H., mi, 50, female, housewife. The patient states that 
she has been a nervous delicate person all her life, but never 
suffered from any definite complaint till two years ago ; she 
then was subjected to great anxiety about business affairs, in 
the midst of which began a tremor of her Hmbs, which has 
continued to increase till the present time, and this has been 
accompanied, especially on the left side, with weakness. 

At present the patient is a somewhat frail and delicate 
looking woman, but her organs are healthy and her general 
health fairly good. There is a tremor all over the body, well 
marked on the left side, comparatively less on the right, and 
very slight in the head. This movement is much increased by 
emotion, excitement and so on, and is not increased on volun- 
tary motion, on the contrary, to a certain extent, it can be 
controlled by the will for a few moments but not entirely. 
During sleep there is no tremor. Sensibihty normal. Ihe 
patient generally is weak and feeble, but on the left side this 
is much more marked than on the right. The patient never 
had attacks of any kind and her intellectual faculties and 
special senses are intact. 

Electrical Reactions, These are normal and equal on both 
sides to nerve and muscle with both currents. 
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£. Paralysis from disease of the Spinal Cord. Eleotbi- 

GAL BeACTIONS QUANTITATIVELY INCREASED. 

This condition is met with nndcr a variety of crrcnmstanoos 
and in many different diseases. It indicates increased ner- 
vous irritability, and is rarely of high degree or prolonged in 
duration. It is fonnd in most acnte affections of the cord, 
snch as meningitis, myeUtis, &c. It occurs in the early 
stages of many chronic complaints unaccompanied with quali- 
tative changes such as Locomotor Ataxy (Case YII), Spastic 
Paralysis (Case IX), Multiple Sclerosis (Case XII), and others. 
Even when the grey matter is the starting point of the lesion, 
at the very early stages this increase of electrical response to 
the nerves is sometimes seen, as in Progressive Muscular 
Atrophy (Case XY). It is also said to occur in Infantile 
Paralysis and Lead Poisoning, but I have never mot with a 
case of either. This phenomenon in short demonstrates that, 
while the structure of the nerve is not anatomically degener- 
ated, its tissue is in a state of hyper- excitability. It specially 
occurs in those cases where the cord remaining healtliy below 
is cut off from cerebral influence by limited disQ/ise or pres- 
sure above, of which the following is an example. 

Case XIV. — Acute curvature of Bjnve, Paraplegia of two 
years duration, Klectrical reactions quantitatively increased in 
the paralysed limbs, E. B., (et. 6, female. The patient was 
in fairly good health till two years ago, when she fell off 
a chair and hurt her back. She was unwell for some time 
after this, and soon weakness in her legs was noticed. This 
continued slowly to increase till three months ago, when it 
was observed for the first time that her spine protruded. 
Prior to this she had been treated in hospital with a plaster 
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of Pai'is jacket, nnd after a timo lier powers of locomotion 
{greatly improved. Tbreo months ago tlio paresis of the legs 
became eo advauced that she waa Enable to wait, and this 
has continued ever since. 

At present tbe patient ia a pale delicate looking cliild, but 
with fair general health. There is no pain in the back, but 
when she site up for any time she says it acliee. In the 
upper dorsal region there ia an acute curvature of the spine, 
ooenpying from the 2nd to the 7th dorsal vertebra. There 
are no cerebral Kymptome, and the patient is intelligent. 
The firms are normal. Both legs are extremely weak, and 
the patient cannot stand. "Whon lying on the back the legs 
can bo moved, but slowly and feebly, both sides being aboat 
equal. The lower extremities as well as tho rest of the 
body are thin and spare, but there is no actual or special 
atrophy. It is difBcult to ascertain the amount of aensibility, 
but it is not entirely lost. There is no rigidity or marked 
vaso-motor disturbances. Cutaneous and tendon reflexes are 
greatly exaggerated in the lower extremities. Tbe other 
organs and functions are normal. 

Electrical lieaetiuns. — To the nerve 'trankB of the lower 
limbs with both currents, tbe responses are very vigorous ; 
to feeble currents, and more so than to the upper extremities. 
Applied directly to tlie muscles, there are apparently normal 
reactions, and no qualitative changes. 



C. PaBALVBIS FEOM DiSEASK OF "CHE CoED. ElEOTEICAL RE- 
ACTIONS QrANTITATTVELY DIMINISHED. 

Simple quantitative diminution of response may occur in 
all forms of paralysis from disease of the cord, but except 
^hen tbe grey matter ie involved, only at their latest stages. 
This is due partiy to functional inactivity from prolonged dis- 
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use of the muscles, and partly to secondary degenerative 
changes in the motor nerve tracts. Examples of this are 
seen in advanced cases of Spastic Paralysis (Case X.), Mye- 
litis (Case XXIX.), etc. In chronic diseases from lesion of the 
grey matter, this diminution in electrical response also en- 
sues, but is accompanied by quahtative changes, as in the 
late stages of Progressive Muscular Atrophy (Case XIX.), 
Infantile Paralysis (Case XXVI.), etc. 

D. Paralysis from Disease of the Spinal Cord. Elec- 

, TRICAL EeACTIONS DEMONSTRATING DEGENERATION OP 

Muscle, with Healthy Nerve. 

Progressive Muscular Atrophy. 

It may be stated in general terms that in this disease 
the induced current appHed to nerve always causes healthy 
electrical reactions. In the early stages of the affection the 
responses are sometimes increased, but never to a great 
extent, or of long duration, as they cease before there is 
any loss of voluntary motion. This is due to increased 
irritability of the nerve. In advanced stages of the dis- 
ease there may be sHght diminution of response due to 
secondary changes in the motor fibres, and this is most 
marked at the periphery, so that the nearer the centre the 
nerve is stimulated the more marked the muscular contrac- 
tion. Faradism apphed directly to muscle^ produces contrac- 
tions exactly- in proportion to the amount of its bulk, and to 
the vigour of its voluntary power. There is no real diminu- 
tion of farado-muscular contractiHty, as the nerves in this 
disease are healthy. In the same ratio that the muscular 
fibres atrophy, so is the voluntary power weakened, and 
response to the induced current diminished. This decrease 
of action may be more apparent than real, owing to the 
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development of fat which interferes with electrical couduc- 
tion. As the nerve remains normal, any loss of responee to 
faradism is due to deficiency in tlie muscle, oo that &om the 
amount of contraction we may infer the extent of active fibre 
which remains. 

To the nerve trunks galvanism gives analogouB resotts to 
faradism. To it the responses remain for a long time nor- 
mal, with increased reactions at first, and only at very 
advanced periods of the disease is there slight qnantitative 
diminution in action. AppUed directly to muscle, the re- 
Bpouaes are normal or shghtly increased for a considerable 
period, but their force gradnally diminiEhes in proportion 
to the atrophy of the fibre and the loss of volontary 
motion. As the disease further advances, a powerful con- 
tinuous, will always induce stronger conti-actions than a 
strong induced, current; and after this last has failed al- 
together in efi'ect, the former may be followed by slight 
responee. This may be further augmented by the rapid 
reversion of the current. Accompanying these quanti- 
tative changes are qualitative alterations. The A.C.C. 
graduaDy increases in force, aotl as the disease advances 
equals, and sometimes exceeds, the C.C.C. Occasionally, 
but very rarely, the C.O.C. is found increased. The contrac- 
tions are slow and prolonged only in the very late stages, 
when the peripheral nerves are impaired. These condi- 
tions point to severe degenerative changes in the muscular 
fibre. In proportion to the amount of quantitative gal- 
Tano-mnscular escitability which remains, and the qualita- 
tive conditions which exist, may we infer the extent and 
character of the anatomical chtLDges in the muscle. As 
the nerves throughout are healthy, care has to be taken 
to dietinguish between the effects of the current on their 
filaments and on the muscular fibres themselves, and to 
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eliminate the responses of the former. Again, it is to be 
remembered that in progressive muscular atrophy some por- 
tions of the same muscle may be healthy, and others diseased, 
in which case, the reactions of the first are liable to be con- 
founded with the responses to the second. Finally, in very 
advanced cases with total loss of response to faradism, there 
may remain feeble reactions to galvanism, indicating that 
although the degeneration of fibre is very extensive, it is not 
complete. If there is no response to either form of powerful 
current, we may infer that the muscle is totally destroyed. 

Case XV. — Incipient Progressive Muscular Atrophy of Jive weeks 
duration. Loss of voluntary Power, Hyper- excitability of nerve. 
Commencing degeneration of muscle, F. C, 8Bt. 44, male, paper 
maker. The patient states that he was quite well till about 
five weeks ago. About this time without apparent cause he 
began to experience pain in the left shoulder and upper arm, 
and soon afterwards he noticed weakness in that extremity. 
These symptoms have continued since. 

At present the patient is otherwise a healthy man. He 
complains of very severe shooting pains throughout the left 
shoulder and arm. All the movements of this limb can be 
performed correctly but are weak and feeble in degree. He 
can with great difficulty raise his hand above his head. The 
flexion of the arm is readily overcome, the movements of the 
hand and fingers are imperfect, and the grasp of the hand 
extremely weak. The left deltoid is distinctly atrophied. 
The left upper arm is markedly smaller than the right, being 
one inch less in girth at the thickest part, and its muscles are 
soft and flabby. The left forearm is half an inch less in 
girth than the right, but no special atrophy is there observable. 
The patient has not noticed anything wrong with the right 
arm or hand. 

Electrical Reactions, — Faradism applied to the median. 
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ulnar, ami musculo -spiral uervea produce distinctly more 
vigorous coutractions in the left, as compared to the right 
side. The name occurs but not so marked when it is directly 
appHed to the muscles. Galvanism to the muHcles of the 
left arm produce vigorous coutractions C.C.C. > A.C.C., hut 
the latter is very distinctly increased ao as nearly to equal 
the C.C.C, On testing the muscles of the right arm they 
appear to be healthy in every respect, except that the A.C.C. 
is much more marked than normal, and as compared with the 
muscles of the lower estremities. 

Cask XVI. — J'Jarh/ stage of general rrogresan.e muscular 
atrophy of six months ihiration. Xerves healthy. Commenciiig 
degeneration of muscles. E. B. fet. 36, male, labourer. The 
patient states that he was a healthy man until about six 
months ago, when he was seized with attacks of vomiting 
and pains in the head. This continued formany weeks but he 
ultimately recovered. He never however, attained his former 
vigour, but remained weak aud languid. This muscular de- 
bility has continued since and latterly he has noticed that the 
left arm is smaller than the right. There is no hietory of 
syphilis, but he has been a very hard hver. 

At present the patient is a very pale unhealthy looking 
man. On examination he is suffering only firom general 
debihty as his more urgent symptoms have passed away. 
The movements of all the Umbs seem to be well performed 
and it is difficult to discover actual paresis of any special 
muscle as the patient generally is not robust. There is no 
marked atrophy, but the left upper extremity is smaller, softer 
and more flabby than the right, the former measuring at its 
thickest part 10^ inches and the latter 11^ inches. The legs 
are weak and the patient walks in a shaky and unsteady 
manner but without any special abnormal gait. There ia no 
tremor, and the sensibihty is everywhere normal. The 
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knee jerk phenomenon is exaggerated, but the plantar reflex 
is diminished. The Hmbs are thin but no muscles are 
especially wasted. 

ElecUical Reactions, — Both currents applied to the nerve 
trunks throughout the body seem to be followed by normal 
reactions. So also is faradism to the muscles. Galvanism to 
nearly all the muscles of the upper extremities indicate ab- 
normal changes. On the left side to a moderate current the 
contractions are vigorous. To the triceps the A.C.C. is 
nearly double the extent of the C.C.C. To the biceps the 
A.C.C. = C.C.C. To the Supinator Longus the C.C.C. 

> A.C.C, but the latter is much increased. To the exten- 
sor Carpi Eadialis Longior and Brevior, the A.C.C. > 
C.C.C. To the Extensor Communis Digitorum, the C.C.C. 

> A.C.C, the latter slightly increased. The Extensor 
Carpi Ulnaris and Extensor Longus PoUicis are normal. 
So also are the flexors of the forearm. To the small muscles 
of the hand the A. C C is increased otherwise normal. On 
the right side all the muscles are normal except the Extensor 
Carpi EadiaHs Longior in which the contractions are much 
more marked than in the healthy muscles and the A.C.C. = 
C.C.C To the thenar muscles the A.C.C. > CCC The 
hypothenar muscles are normal. Eapidly interrupted gal- 
vanism causes apparently healthy contractions in all the 
muscles. 

^ In some of the muscles of the lower extremities there are 
traces of quaUtative change, but of sHght extent. 

Case XVII. — Progressive Muscular Atrophy of two and a half 
years duration. Great hss of voluntary motion, nerves healthy, 
muscles moderately diseased. J. S., 8Bt. 45, male, labourer. 
The patient states that he was quite well till about two and 
a half years ago. About this time without apparent cause he 
noticed that his right hand was weak, and this continued 
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very slowly to increaee for some months, after which the con- 
dition he thinks has become stationary. Sis months ago the 
left hand was affected in a similar manner, and this also has 
gradually progressed. Accompanying the weakness the arms 
have become thin. 

At present the patient is a healthy looking man, and com- 
plains only of woakueas in his hands which prevents his work- 
ing. The movements at the shoulder joints can all bo 
porformed without difficulty, so also those of the forearm on 
the upper arm. The movements of the wrists and fingers are 
very feeble and imperfect, and the patient has great difficulty 
in extending them. The grasp of the hands is almost imper- 
ceptible. Both deltoids are distinctly wasted especially th« 
left. The other muscles of the shoulder although generally 
spare cannot be said to be specially atrophied. The muscles 
of both forearms and hands are considerably wasted, espe- 
cially the exteneors of the haada and fingers, and chiefly 
those on the right side. The small muscles of the hand ace 
greatly atrophied. The remainder of the body is normal. 

Electrical Reactions. — Both currents applied to the nerve 
trunks of the upper extremities, produce perfectly healthy 
muscular contractions, except that the extension of the fingers 
to duect utiniulation of the miisculo-spiral nerve is impel- 
feet, but all the other muscles supplied by the nerve act 
fairly well. Faradism appHed directly to the muscles of the 
right arm produce fair contractions even to the affected ones, 
except the extensors of the hand, e^ccially on the ulnar side, 
and that of the thumb aud fore-finger in which the response 
is diminished. Also in the common extensors of the fingers 
the response is greatly diminished. The flexors are normal. 
In the left arm the radial and ulnar extensors act moderate- 
ly. There is very httle response to the Extensor Communis 
.Digitorum, aud extensor of the thumb. The fiexors all act vigor- 
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ously and eome moru markeiUy than on tlie right side. Gal- 
Tanism applied to the anterior portions of the deltoids induce 
good eontraetions, and A.C.C. = C.C.C, At the remainder of 
the miiBcle the contraction to the same current ia not quits 
BO well marked, and the C.C.C. > A.C.C, but the latter is in- 
creased. To the muaeles of the upper arm and flexors of the 
forearm the respouees are uonnal. To the esteneora of 
the hand there are good contractions the C.C.C. > A.C.C, 
the latter being increased. In the common estensora of 
fingers the response to galvaniBm is much diminished, the 
A.C.C. = C.C.C 

Case XVIJI.— PnnjTesdm Mmcular Atrophy of four year* 
duration. Almost total losa of voluntary power. Nei-ve tnmki 
healthy. Miiscle completely diseased, J. L., let. 88, male, 
servant. The patient states that he was in good health tUl 
four years ago. About this time he received a blow on the 
back. Three months after this he experienced weakness in 
the arms and hands which has continued ever since, and has 
been accompanied by wasting of the muscles of the hand. 

At present the patient is a healthy looking man, all his 
functions and organs being normal. The movements of both 
upper extremities are generally somewhat weak, but otherwise 
normal. The grasp of the hand is extremely feeble, the 
movements of the fingers are limited, and those of the thumb 
greatly embarrassed. Botli hands are similarly affected, the 
right being the most advanced. There is great atrophy of 
the small muscles of the thumb. 

Electrical Beactions. — Faradism applied to the nerve trunks 
produce normal contractions. Durectly to the muscles, there 
are healthy reactions in all, except those of the tlienar re- 
gion in which there is no response whatever. GalvaniBm 
applied to the muscles of tLe forearm cause normal eontrao- 
tiona, except that the A.C.C. is somewhat increased. The 
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etrongeet ciurent to the tlienar regions i 
con traction 8. 

Cask XE. — Piviireasive Musctitar Atrofihy of jive j/ean dura- 
tion. Compute logs of voltintary motinn. Strre tnmks sliea-ing 
dimtTmhed reactions. Muscles co^nplettiy degetierated. E, W,, 
tet. 62, male, labonrer. The patient states that lie wtks a 
healthy man till five vears ago. About this time without 
obvious cause, he began to suffer from weakness of the right 
haud. Tliia came on very gradually and was soou accom- 
panied by wasting of the muscles), which slowly increased and 
spread over the entire limb. A year afterwards the same 
condition appeared in the other arm, and followed an almost 
similar couree. About eighteen montlis ago there appeared 
weakness in the legs, which has gradually increaeed up to the 
present date. 

On examination the patient is found in good general health 
and perfectly intelligent. The face and head are normal. 
The right arm is throughout perfectly immovable with the 
exception of slight extension of the little finger. There is no 
stiffness or rigidity, all the joints being las and abnormally 
mobile. The muscles of the entire limb, including the 
shoulder, have undergone a remarkable degree of atrophy. 
The deltoid, muscles of the upper arm, and extensors of the 
hand and fingers liaving completely disappeared. The fiexors 
in front of the arm are only partially destroyed. The left 
upper extremity is in precisely the same condition, only there 
is a shght action of the biceps muscle. Most of the muscles 
of the neck and trunk are very markedly wasted, especially 
those on the anterior aspect of the thorax. Both lower ex- 
tremities are thin, the muscles of the calves of the legs are 
soft and flabby, and the extensors of the foot are greatly atro- 
phied. The patient can walk but with great difficulty, and 
his gait is shuffling and unsteady. Sensibihty is everywhere 
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normal. The cutaneous and tendon reflexes are everywhere 
much exaggerated. The patient complains of no pain or un- 
easiness and with the exception of the remarkable loss of 
motihty, is in good general health. 

Electrical Reactions. — These, in character, are the same in 
all the affected muscles of the body, only differing in degree 
according to the amount of atrophy. As this is most marked 
in the upper extremities, these are taken as an example. 
Both are in the same condition. Faiadism appHed to the 
median and ulnar nerves produces fairly vigorous contractions 
with a strong current, but evidently diminished as compared 
to normal. The musculo- spiral, when irritated, causes vigor- 
ous extension of the Httle finger and no other action on the 
other extensors. Powerful currents to the deltoid, triceps, 
biceps, and all the extensors of the forearm, except that of 
the Httle iinger on the right side, fail to induce any contrac- 
tion whatever. Strong currents to the flexors of the hand 
and Angers cause moderate reactions. Galvanism appHed to 
the nerve trunks produce the same effects as faradism. To 
the extensors of the left hand and Angers, there are abso- 
lutely no contractions whatever to the strongest current, and 
on the right side only the faintest trace with A.C.C. To the 
flexors of both forearms, there are moderate contractions 
with a strong current, C.C.C. > A.C.C, but the latter in 
creased. The same to the supinators. To the right biceps 
and triceps moderate contractions with a strong current, 
A.C.C. > C.C.C. To the same on the other side, a very 
powerful current causes a very sUght action, and only with 
the A.C.C. In the lower limbs and trunk the reactions 
are the same in kind but not so marked in degree. 
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Pskudo-Hypebtbophic Spinal Paralysis. 

In this disease, faradism, ■when applied to the nervt trtiuks, 
causes normal contractione till a- late stage in the affection. 
In very chronic conditions there is diminished excitability 
owing to secondary degeneration of the peripheral nerves, but 
even then a strong current will always cause contractions 
while there is any muscular substance left to react. In any 
case, the results by indirect atiuiulatiou are always much more 
vigorous than by direct, owing to tho reBistauoe of the non- 
conducting matter which has accumulated in the muscle, 
Faradism apphed to munch always exhibits diminution of re- 
sponse, and more than would be accounted for by the actual 
loss of tissue. This is oxplained by the presence of a large 
amount of non- contractile and badly conducting matter, in 
the shape of fat aud connective tissue, causing resistance to 
the passage of the current. This diminution exists in every 
dej2Tee according to tho anatomical condition, and may end 
in total abohtion, indicating entire deBtruction of muscle. 

When ijahaniain is applied to the nene trunks it produces 
normal contractions till an advanced period of the disease, 
after whii.h there may bo slight quantitative diminution of 
response owmg to the causes explained above, but it is rarely 
to the same extent as occurs with the induced current. Ac- 
cording to Erb, there is what is called the "Break reaction." 
This consists of weakening of the anodal openimj contraction 
although the cuiTuut is increased to a considerable extent, 
but as its strength is further augmented, at a certain point 
tlie A.O.C. appears. This is said to show that tho conduc- 
tivity of the nerve is diminished, and its excitability increased, 
thus causing a break in the series of reactions at tlie point 
when the increased ctforts of the current are ueutraheed by 
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the increased resistance. I myself have never seen this 
phenomenon exactly as here described. Galvanism directly 
to muscle shows diminution of contractile power, in propor- 
tion to the amount of the degeneration of tissue. The 
A.C.C. is increased and may equal the C.C.C. I have never 
seen the former exceed the latter. The slow, tonic con- 
traction, is only present in the very late stages when the 
peripheral nerves are implicated by secondary degeneration. 

Case XX. — Pseudo-hypertrophic paralysiSf of seven months 
duration. Electrical reactions indicating healthy nerve and par^ 
tidily diseased muscle. E. A., 8Bt. 7, male. The patient, for 
whose case I am indebted to my colleague Dr. Donldn, was 
stated to have been well till seven months ago. His mother 
then noticed for the first time that he dragged his left leg. 
He became very liable to fall down when walking or running. 
Five months ago sHght flexion of the knees was noticed* 
Family history healthy. 

At present the patient is healthy looking. All the muscles 
of the body except those of the legs and nates are spare, but 
otherwise not remarkable. The gluteal regions are distinctly 
enlarged and the calves of the legs very markedly so, each 
measuring nine inches in circumference at their widest part, 
while the thighs at the thickest portion are only nine and 
a quarter inches. They bulge outwards, are §rm and hard, 
and the skin covering the muscles is tense and shining. In 
both feet there is marked talipes equinus, with a sHght ten- 
dency inwards. The motions of the upper extremities are 
normal. Those of the trunk are evidently weak, as the 
patient has difficulty in sitting up any length of time, and 
in moving readily about, which he does imperfectly with the 
assistance of his hands. When sitting up he supports his 
body by using both arms as crutches. When lying on his 
back he moves the limbs fairly well, but sluggishly, and the 
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actions of the feet, and especially ita flexors, are very feeble. 
He waits witli a feeble, unsteady, waddling gait, the legs 
widely apart, swaying tbe body from side to side, and bring- 
ing the feet down witli ft stamp. When lying on the floor 
and told to get up, he does so in a characteristic manner, by 
turning on his face, getting on liie hands and Imees, then on 
all fours, then drawing the feet to the hands, and finally 
climbing up bis legs till he reaches the erect position with 
a sudden jerk at the end. 

EUctrical Ruaciioiis. — Tbe nerve tmnks tlirougbout the 
body are followed by normal responaea to both currents, 
with very slight comparative diminution in those of the legs. 
Electricity apphed directly to tbe muscles, showe that all those 
but the enlarged ones are normal. These latter present tlie 
following peculiarities: — With faradism the rcactione are 
markedly diminished, and with galvanism tlie contractions 
are vigorous, the A.C.C. =^C.C,C. 

Case XXI. — Pseudo-Hijpertropkie Parolym of uven yeart 
duration, nerves healthy, complete destrtietion of muaele. W. H,, 
fet. 9, male. The patient is said to have been healtliy till two 
years of age, at which time he had a "fit," From this he re- 
covered, but some weeks afterwards it was noticed that he 
walked lame witli the right leg. This continued, and two 
years subsequently both lege appeared to be weak. This has 
gradually increased since ; so that during the last year or eo 
he has been unable to walk, or even stand. 

At present the boy is in good general boaltb. He cannot 
sit up in bed, and when mada to do so falls baoh on the 
pillow, being unable to support himself. When lying on his 
back the movements of the head and neck appear normal. 
The arms and hands are very weak. There are no move- 
ments whatever of the shoatder-jointa, the fiexion of the arm, 
hand, and fingers, is very feeble, and tlie extension of the 
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hands aiid jfiugers almost nil. The movements of the legs 
are very weak. He can draw them up in bed but very feebly, 
and only with irregular jerks. There are no movements of 
the feet or toes. Both sides of the body are nearly equal. 
The special senses, and general sensibility are normal. The 
skin has a mottled appearance and is cold and flabby. The 
muscles of the head and neck appear normal. The deltoids 
are much enlarged, and hard and brawny to the feel. The 
triceps are also much hypertrophied. The biceps are small, 
but are much indurated. The extensors of the forearm are 
not enlarged, but they feel dense and abnormally firm ; the 
flexors appear normal. The muscles of the trunk are very 
thin but otherwise seem healthy. Those of the thighs are 
small but very hard. The calves of the legs are greatly en- 
larged, so as to be about double their normal circumference. 
The muscles of the extensors of the foot appear smaller than 
usual. Both sides are about equal. Tickling the soles of 
the feet produce no movements, and the patellar tendon re- 
flexes are absent. 

Electrical Reactions, — Faradism to the median and ulnar 
nerves causes normal contractions. To the musculo-spiral 
there is extension only of the fingers and thumb, and this is 
somewhat Hmited. To the flexors in front of the forearm 
normal contractions; to the extensors with the strongest 
current only very faint responses; much diminished reac- 
tion to both biceps and triceps, and none whatever to the del- 
toids, with the strongest currents. In the leg all the nerve 
trunks are normal. To all the afl'ected muscles great dimi- 
nution of response, especially in those of the thigh, and in the 
extensors of the foot and toes. Galvanism. To the nerve 
trunks throughout, normal. To the deltoids with the strongest 
currents, no response. To the triceps and the biceps, the action 
is much diminished, A.C.C. = C.C.C. Contractions rapid. 
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The same to tUe eiteusora of ihe hand and fingers. Hero 
also it ie noticed that when a strong current was used, the 
A.O.C, = A.CC. The application to the flexors of the hand 
and fingers caused normal responses. To all the aflected 
muscles of the lower extremities, the reactions are the same 
as those mentioned ahove, namely, quantitative diminution, 
A.C.O, = C.C.C., and with strong current, A.O.C. = A.CC. 
Contractions rapid. 



Amyoteophic Latebal Sclebosis. 

The electrical reactions in this disease are the same as in 
Progressive Muscular Atrophy, and a study of the responses 
of this is equally apphcahle to Amyotrophic Lateral Sclerosis, 
It is scarcely necessary to say that the symptoms are very 
different, and upon them must depend the distinction between 
the two affections. 

Case XXII. — Amyotrophic Lateral Sclerons of three years 
duration, Electrical reactions indicating keaithi/ nerves, and 
incipient disease of musclei, C. O., tet. SO, male, shopkeeper, 
under the care of Dr. Buzzard, to whom I am indebted for 
an opportunity of observing the case. The patient states 
that he was quite well till thr«e years ago, about which 
time, without obvious cause, he experienced weakness in the 
left leg, and a tendency to drag the toes along the ground. 
This began very insidiously, and increased very gradually, 
and was from the first accompanied with stiffness of the 
muscles. Some months afterwards, weakness of the left 
arm and hand was noticed. Tliia also progressed very slowly 
during the next eighteen months, after which, the right leg 
gradually became affected in a similar manner, and this subae- 
quently extended to the arm on the same side. The whole 
course of the affection has been very slow and gradual, there 



112 ELECTRO-DIAONOSIS. 

have been no pains, no bladder or rectal disturbances, and no 
alterations of sensibility. There have been occasional invol- 
untary twitchings of the limbs, and recently they have been 
especially rigid. The general health throughout has been 
good. 

The patient is a stout, robust looking man. All the func- 
tions and special senses are healthy. The face is normal. 
The muscles of the neck are slightly stiff and weak. The 
arms and hands of both sides are very feeble, especially the 
left. All the movements on the right side are performed natur- 
ally, but are slow and weak. The fifth finger cannot be 
adducted, but hes in a state of abduction. On the left side 
the patient cannot raise his arm above the head, he cannot 
fully extend the hand beyond on a level with the arm, the 
wrists have a tendency to drop, he cannot extend the fingers, 
and the grasp of the right hand is 60 lbs., the left 25 lbs. 
He cannot supinate the left forearm although he can pronate it. 
On the right side there is slight rigidity of all the muscles, 
but on the left this is well marked and requires considerable 
force to overcome their contraction. There is no apparent 
wasting of the arms. The legs are very weak. When in 
bed the patient can move the right one fairly well, but the 
left is almost immovable and can only be raised from the bed 
an inch. None of the joints on the left side can be moved at 
all. The movements of even the right foot and toes are very 
limited. The ptitient can stand and even shuffle along with 
assistance, the gait is stiff, and the feet are dragged along 
the ground. The leffc limb is so stiff and rigid that no ordin- 
ary force can bend any of the joints, and the limb lies 
extended in a straight line like a rigid rod. The right is 
stiff but not nearly to the same extent. All the reflexes are 
much exaggerated, and the knee jerk and ankle clonus are 
well marked in both legs. Sensibility is everywhere nor- 
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mal. The left lower extremity ia markedly Bmaller than 
the right, the thigh meaeuring an inch Icsa in circumference 
than the other, and the calf of the leg three quarters of an 
inch. There ia no apparent atrophy of special mnacles but 
the extensors of the foot and toes look unusually small. The 
patient complains of no pain anywhere either in the back or 
limbs, and his general health is good. 

Electrical Reaetiom. — FaradUm to the nerve trunks through- 
out the body cause normal reactions except slight diminution 
of the right median and sUght comparative increase of the 
left popUteal. The muscles all contract normally except 
the triceps, and the extonaors of th« foot and toes, in which 
there is distinct diminution of reaponae. This is most 
marked on the left side. Galvanixnt to all the uerve-trunks 
appears to be followed by normal reactions. To the biceps 
muscles normal. To the triceps shghtly diminished response, 
with A.C.C, increased, but not equalliug C.C.C. All the mus- 
cles of the forearms especially the extensors contract vigorously 
to a moderate current, on the right side A.C.C. ^ C.C.C, 
and on left A.C.C. >■ C.C.C. In the muscles of the legs and 
especially the extensors of the foot and toca the response to 
Galvanism seems diminished, the C.C.C. >■ A.C.C, but the 
latter is Increased. The electrical abnormalities axe uniform- 
ally most marked on the left side. 



BULBAB FaBALTSIS. 

The Electrical Reactions in this disease are the same as in 
progressive muscular atrophy. The nerves are universally 
normal, and the muscles of the chin, hps, and tongue, show 
all the usual signs of degeneration in proportion to the stage 
of the disease. I have not had recently under observation a 
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sufficient nnmber of cases of this disease to be able to give a 
typical example of the different forms. 

Case XXIII. — Glosso-Labio-Pharangeal paralysis supposed to 
be of three years duration, Elecrical Reactions indicating healthy 
nerve and degenerated muscle, A. E. 8Bt. 66, male, piano-forte 
maker, under the care of Dr. Garman of the Highgate In- 
firmary, to whom I am endebted for permission to make 
observations on the case. Owing to the speech being almost 
unintelligible, and to his having no friends it was impossible 
to obtain anything like a connected history. As far as could be 
made out his chief ailments began about three years ago, with 
difficulty of speech, paralysis of the face and slowness of 
swallowing, which symptoms have increased to the present 
time. 

On examination the patient presents all the usual and 
characteristic appearances and symptoms of Progressive 
glosso-labio-pharyngeal paralysis. He appears fairly intelli- 
gent, but whether or not his mind is sound is doubtful. The 
sight and special senses are normal. Sensibility everywhere 
healthy. The movements of the entire face are impaired, 
especially the lower part. The mouth is closed very slowly 
and imperfectly, and the lower lip hangs permanently open. 
All the other voluntary actions of the face are very deficient 
and sluggish. He cannot protrude the tongue beyond the 
teeth, nor can he move that organ to any extent within 
the mouth. The saliva constantly dribbles out of the cor- 
ners of the mouth. There is no apparent atrophy of the 
muscles of the face, although the lips and its lower parts are 
very thin. The tongue is distinctly smaller than normal and 
is deeply furrowed with sulci and ridges. The speech is 
almost unintelligible, on account of its mumbUng and indis- 
tinct character. There is no true aphasia. The patient 
swallows with considerable difficulty, and has to take great 



care, especially with liquids. He cannot masticate solid food, 
which has to be broken down for him. In other respects the 
general health of the patient seems fairly good tut hia limbs 
and body generally are weak, and accompanied mth a slight 
tremor. 

Electrical RetKliona. — With fara^ism, the nerve tronis and 
mnscles, react normally, there being only slight comparative 
dirniTintioD of response on the left side. With galvanism, 
the nerve trunks are healthy. Direct to the muscles, those of 
the upper part of the face are normal. Thoee about the lips, 
cheeks, and chin also react vigorously, but with slight compar- 
ative diminution. Here also the A.C.C. is increased, as 
compared with the frontal and other superior muscles, but 
the C.C.C. >■ A.C.O. The tongue could not be reached in * 
order to be tested. 



Pariltsis FfiOH DtsKASE OF THX Bpinal Gobd. Eleo- 
TBicAii Reactions dbuonstbatino DEaENEBATiOM of both 

Nebve a»d Muscle. 



P0L10UYBLIT19 Antebiob, 

This disease is most common in children, hence called 
Infantile Paralysis, but it is by no means rare in adults. 
It may be acute or chronic. Faradigm. In an acute case 
the excitability of the neret begins to diminish, to the in- 
duced stimulus, about the third day. Tliis may sometimes 
be preceded by shght and temporary increase of actiou. 
The impaired response rapidly increases, so that in seven 
or eight days it may be completely abohshed. This re- 
mains absent unless recovery takes place, in which case the 
irritabihty of the nerve to faradism slowly returns, and this 
only occurs after voluntary motion is restored, aud it remains 
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imperfect for a long time after fanction is apparently normal. 
The action of the induced current applied directly to the 
muscle is precisely the same as that to nerve, but somewhat 
later in appearing, and is owing to the implication of the 
intra-muscular branches of the nerves. If there is any con- 
tractility of muscle after the second week, the prognosis is 
favourable and indicates that the nervous fibres are not com- 
pletely degenerated, and are capable of restoration. Galvan- 
ism, This applied to nerve is followed by the same reactions 
as faradism, namely rapid loss of response. To muscle direct 
the conditions are different. From the first few weeks to 
several months, there is increased irritabiliiy of muscle, 
80 that a feebler current is necessary to cause muscular 
•contractions than in health. These are slow, tonic, and 
prolonged, and are accompanied with qualitative changes, 
the A.C.C. = C.0.0. or A.0.0. > C.0.0. in short there is 
the typical "Eeaction of Degeneration.*' In about three 
months, more or less, this excess of galvano-muscular 
contractility diminishes, and subsequently sinks below the 
normal standard, still retaining the quahtative alterations. 
The exaltation of reaction indicates disease of nerve, and 
commencing alteration in muscle, without actual degeneration 
in the latter. The succeeding decrease of response points 
to atrophy and destruction of fibre. If recovery take place 
the electrical reactions gradually resume their normal con- 
ditions, but for long remain quantitatively diminished, owing 
to the chronic cirrhosed state of the nerve and muscle. If re- 
generation is absent, the diminution may advance to complete 
abolition, in which case we infer total destruction of muscle. 

In chronic poliomyelitis the reactions are similar, but 
slower in development, and the increase of galvano-muscular 
excitability is not so well marked. The reactions may be 
incomplete, in which case from their amount, we may judge 
the extent of the disease in the nerve and muscle. 



Case XXIV. — FoUomr/elitis Anterior Acuta of seventeen dayt- 
duration. Nerves completely degenerated. Commencing alteration 
in muscles. W. H., sot. two, male. The patieut Ib stated to 
have been perfectly well Beventeen days ago. He went to 
bed one night in his nsnal health and nest morning he was 
found in his present condition. He had no fever, ot pain in. 
the back, but for some time past had been irritable and 
elightly indigpoBed, 

At present the patient is a perfectly healthy looking child, 
and aU hie organs and hmbs are normal except the right leg. 
This is completely immovable, and hangB limp and useleea 
The muscles are Boft and Sabby but there is no marked 
atrophy, and the skin is cold, mottled, and purple. The 
tendon patellar and other reflexeB, which are normal in the 
other limb, are com'pletely abolished in the right. Bendbility 
normal. 

Electrical lieactions. — Strong currents from both batteries 
applied to the nerve trunks of the right leg, fail to produce 
any contractions, Faradism directly to the muscles is also 
followed by negative results. Galvanism applied to all the 
muscles of the aSected lower extr«mity, is followed by good 
contractions to elow Interruptiona, and these are sluggish, 
prohmged, and tonic in character. The A.C.C. most dis- 
tinctly causes more vigorous contractions than the C.C.C. 

Casb XXV. — Poliomyelitii Anterior Acuta of eighteen dayt 
duration oecuring in an adult. Complete degeneration of nerve. 
Commencing alteration in muecle, H. A., cat. 81, female, artist. 
Eighteen days ago the patient was in the most robust health 
never having hod a day's illneaa in her life. Bhe is a lady of 
nnusnal accomphshments and superior mental attainments 
and never suffered from any nervous symptoms. She went 
to bed one night in her usual health, and awoke next morn- 
ing feelmg feverish and generally unwell, which Benflations 
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continned all day. Daring the ensuing night she was rest- 
less and feverish, and next morning had a severe pain in her 
back, and weakness of her legs. This continued, and on the 
following day she conld not stand, and conld hardly move 
her legs in bed. This paralysis has continned ever since. 
In a few days the constitutional symytoms passed away, 
and she has since regained her good general health. She 
can assign no cause whatever for her illness. 

At present the patient is in perfect general health, and all 
her organs and functions are healthy. She has no appearance 
of being of an emotional or nervous temperament. The right 
leg is almost completely paralysed, its only voluntary move- 
ment being an almost imperceptable flexion of the toes, the 
muscles are soft and flabby but there is no appearance of 
definite wasting. The left leg is not quite so absolutely use- 
less, as there are very sHght movements in the ankle and knee 
joints, but of a very limited character. In the right lower 
extremiiy there are no traces of cutaneous reflex action, and 
on the left; this is almost, but not completely aboUshed. There 
is no trace of tendon reflex on either side, and no marked 
vaso-motor changes except that the feet are very cold. Sen- 
sibihty is everywhere normal. The upper part of the body 
is healthy. 

Electrical Reactions. — ^Both currents, applied to the nerve 
trunks of the right lower extremity produce no response 
whatever, even those so powerful as can scarcely be tolerated. 
The same to the external popliteal, causes very faint extension 
of the toes. Faradism applied directly to the muscles of 
both legs induce no contractions in any of them, even with the 
strongest current. Galvanism produces vigorous contrac- 
tions to all the muscles on both sides equally, but these are 
slow, and tonic in character. In those on the right side the 
A.C.C. > O.C.O., and on the left A.C.O. = O.C.O. 
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Cade XXVL — PoliomyelitU Anterior Chronica of one year's 
duration. Almoit complete degeneration of nerve. Marked altera- 
tion in tmuele. A, E, tet. 29, female, liODeewife. The 
patient etatee that she baa been in good bealtb till about a 
year ago. About this time she &It generally tmwell, lost lier 
appetite, bad malaiBe, and other indefinite symptoms. In a 
few weeks her legs became weak and this increased bo rapidly 
that in about a month she conid scarcely walk. She had no 
fever or pain in the back, or bladder, or rectal troubles. 
Thia condition, in which she coold only walk with great diffi- 
cnlty, continued for about five months, when in some respects 
ebe improved, and for about two months her powers of locomo- 
tion were comparatively good. After thiit however, weakneea 
again ensued, so that a month ago Bhe became so paralysed 
as hardly to be able to stand, Thia has continued and 
she lias suffered from occasional attacks of shooting pains 
in the lege, especially during the night. About three weeks 
ago she noticed for the first time that there was stiflnesa 
and weakness of the bands and arms. 

At present tlie general health of the patient is good and all 
the organs are bealtby. There are no cerebral symptoms and 
she is perfectly intelligent. There is some difGculty in mov- 
ing about in bed. Bhe complains of paroxysmal attacks of 
shooting painH Sying about all over her body. SenBibUity is 
everywhere normal. The movements of the upper arms can 
aU be performed, but weakly and slowly and the grasp of both 
hands is very feeble. Flexion and extension of the fingers 
are weak and unsteady, especially of the middle finger in both 
hands. The movements of the lege are very feeble and imper- 
fect, even when the patient lies on her back. She can draw up 
her tliighs and legs but very slowly. The movements of the 
feet and toes are almost gone, more especially on the left side- 
There are no truces of patellar or other reflexes. The patient 
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cannot stand without assistance. Both deltoid muscles are 
considerably atrophied. Those of the upper arms are fairly 
nourished. The forearms are spare and thin, and both flexors 
and extensors appear wasted. The muscles of the ball of the 
thumb are markedly atrophied, but the interrossei are not 
especially so. The muscles of the thighs are small and thin 
but not extensively wasted. The flexors of the legs are much 
atrophied, and what is left is very soft and flabby. There 
are no prominent vaso-motor changes, but the skin of the 
extremities is cold. The irritability of the muscles to a me- 
chanical stimulus is very distinct. 

Flectricdl Reactions, — A moderate /ara^ic current applied to 
the trunk of the ulnar nerve produces vigorous and apparently 
normal contractions. The same to the median and musculo- 
spiral on both sides has no effort. A much stronger current 
to the median, causes very slight flexion of the thumb on the 
right side. As strong a current as can be borne to the median 
causes only slight flexion of the wrist and pronation of the 
forearm. The same has no effort on the musculo- spiral 
nerve in extending the hand or Angers, and there is only a 
trace of extension of the thumb. Faradism applied directly 
to the deltoids with a very strong current, causes slight con- 
tractions at the anterior and posterior parts of the muscles, 
but none whatever at their middle. To the biceps and triceps 
of the right side there are fair contractions but on the left 
they are greatly diminished, and to the triceps there is no 
response. A moderate current causes good contractions of 
the Flexor Carpi Ulnaris, and sHght to the common flexor of 
the Angers on both sides, but has no effect on any of the 
other superficial muscles of the forearm. With a strong 
current the flexors of the wrist and Extensor Carpi Badialis 
respond very feebly, and the extensors of the fingers and 
Extensor Carpi Ulnaris do not act at all. The small muscles 



PARALYSIS FROM DtSBAEB OF THE SPIKAI. COBD. 121 

of the hand cootnict fairly veil to a strong curreiit. Both 
fades present mnch tlie same coDditions, only somewhat more 
advanced on the left. Gaitanuun applied to the deltoids, 
causes somewhat sluggish contractions, the C.C.C. > A.C.C., 
but the latter increased. To the muscles of the upper arms 
the responses seem normal but to the triceps of the left 
aide much diminished, C.C.C. > A.C.C. The responses to 
the Flexor Carpi IHnaris appear normal, only the A.C.C. 
is somewhat increased. The same current applied to the 
other flexors of the forearm sho'w diminution of response, 
A.C.C. = C.C.C. and the contractdons are slow and tonic in 
character. The eitensors of the fingers respond moderately, 
C.C.C. > A.C.C, but the latter is increased, and in those of 
the wrist the response is much diminished, A.C.C. > C.C.C. 
Both arms to galvanism are much the same in character, but 
more advanced in degree on the left side where there is a 
general comparative diminution of response. 

To the lower extremitieB in general it may be said that 
there is almost total loss of reaction with faradism to both 
nerve and muscle. To galvanlem there are &ir contrac- 
tions when apphed directly to the muscles. To the flexors, 
C.C.C. > A.C.C, the latter increased. To the extensors, 
A.C.C. = C.C.C. 

Case XXYII, — Potiomi/elitit Anterior Cknmiea of rix months 
duration. Total degeneration of both nerre and muscle. C S., 
at. 2, male. The mother of the patient states, that tlie child 
was perfectly well till about six months ago, when it suffered 
from measles. On recovering from this it was noticed that 
his lege were weak. This has continued to increase till the 
present time. Nothing special was noticed oonceming bis 

At present the patient's general health is good. He cannot 
stand, and his legs sink under him. When lying on Ms back 
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he can move the limbs fiairly well. Owing to the yonth and 
fretfulness of the child it is difficult to make out the exact 
conditions. The skin of the leg is cold and cyanotic, and there 
is no marked atrophy of the muscles. The patellar reflex is 
very slight but not absolutely abolished. The mother has 
not observed anything unusual about the arms, and it is diffi- 
cult to ascertain anything for certain in this respect except 
that there is no very apparent paralysis. 

Electrical Reactions, — Faradism to the median and ulnar 
nerves is followed by normal responses; to the musculo- 
spiral trunk by no action whatever even to the strongest 
currents. AppHed to the flexor muscles of both arms, there 
are normal contractions. To the extensors of both fore- 
arms, no action, except sHght extension on the ulnar side 
on the left, and sUght extension of the fore-flnger on the 
right side. Galvanism, as regards the nerve trunks, is the 
same as Faradism except that to the musculo- spiral there 
is slight action to a strong current. AppHed directly to the 
flexors, the reactions are normal, except that A.C.G. is slightly 
increased. To the extensors generally, there are very feeble 
reactions to very strong currents, and to the extensors of the 
fingers in particular none at aU. 

F. Pabaltsis fbom diseases of the Spinal Cobd. Elec- 

TBICAL EeACTIONS VABIABLE ACCOBDINa TO THE SEAT OF 
LESION. 

Myelitis. 

Under this head may be classed all those acute and 
chronic inflammatory diseases of the spinal cord which 
have not yet been described. In short those in which the 
lesion is not confined to any definite functional tract, but is 
more irregularly developed. In such cases the electrical 
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reoctione depend entirely upon the nervous structiireH in- 
volved by tlie disease, and they oftcii form a means of aHsist- 
ing lie to arrive at the seat and extent of the morbid condition. 
Here, as in other diaeaees, if acute, or in the early stages of 
chronic affectioDS, the responses may at first be quantitatively 
increased from hyper-escitability of the nervous tissues. In 
yety chronic cases from any source there may be quantitative 
diminution, as a result of fuuetioual inactivity and secondary 
degeneration in the motor tracts. If the white columns only 
are diseased there is paralysis, with no alteration of nutrition 
or in the electrical reactions. If the anterior cornua of the 
grey matter are degenerated there is structural change in 
nerve or in muscle, or in both, with aorresponding electrical 
modifications. 

The entire length and thickness of the cord may be des- 
troyed, in which case the clinical symptoms would be apparent, 
in addition to the complete and general abohtion of electri- 
cal phenomena. If a portion only of its whole thickness were 
degenerated there would be abnormal reactions to the parts de- 
rived from this Begment, with healthy tissues above and below. 
Complications of various kinds, and in different localities may 
occur which may render a definite diagnosis extremely diffi- 
cult, but a careful electrical research seldom fails to give 
Bome clue to the mystery. It wonld be impossible in the 
present treatise to give an example of all the varied modifica- 
tions which may arise in myelitis. The following cases ore 
illustrative of the chief phenomena to be met with. 

Cask XXVUI. — Mijditis of five yean duration. Probable 
dwaie of ike antero-lateraX and posterior columnt Electrical re- 
aclMni, normal. A. E. let. 80, labourer, male. The patient 
states that ho was in good health till five years ago, when 
without obvious cause lie gradually esperiencod weakness and 
nnmbnees in his legs with the feeling of a tight cord round 
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his waist. This very slowly increased and gradually affected 
the arms. For the last year or two he has suffered from 
great constipation and dif&oulty in passing water. 

At present the patient is in good general health, his organs, 
special senses, and inteUigence are normal. The head and neck 
are healthy in every respect. The arms and legs are weak 
and feeble, and in all his limbs there is a tremor increased on 
exertion or excitement. The movements of the arms are 
very weak, and the grasp of the hands very feeble. He can 
walk, but with great difi&culiy, the gait is unsteady, he 
staggers, and has sUght incoordination as well as weakness 
in his movements, which is much increased with closed eyes. 
There is no trace of cutaneous or tendon reflexes. Sensi- 
bility in the feet and legs is much diminished and in the 
hands and arms slightly so. There is no atrophy of muscles. 

Electrical Reactions. — To the nerve trunks and muscles 
these are normal with both currents. 

Case XXIX. — Myelitis of thirty years standing, ProhahU 
disease of the white columns. Electrical reactions quantUativdy 
diminished, L. M., aBt. 48, female. The patient states that 
she was healthy till eighteen years of age. About this time 
she first noticed a sHght failure in the motion of one of her 
fingers. This very slowly increased, and involved the other 
fingers and hand. Subsequently the paresis attacked the other 
upper extremity, and was accompanied with loss of sensation. 
The legs also became attacked in a similar manner. This 
increased, but very insidiously, for the next ten years, at the 
end of which time she was almost completely paralysed in all 
four extremities. The muscles became very stiff, but at that 
time she could move about a little with assistance. Since 
that period, that is during the past twenty years, she has 
lived the life of a plant. She has been unable to move any 
part of her body except her head. Her general health and 
special senses have been good. 
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At present the general health is not imptuied. The patient 
is perfectly intelligent. She sits on a chair unable to move 
anything bat her head, which with all its organs is healthy. 
There ia no trace of movement in either of the upper estremi- 
ties. The legs can be moved a Utile bat to a very limited 
extent. She can sapport the weight of her body but cannot 
valk. There is great rigidity of all the musclee and the 
flexors are all In a high state of contracture. There are fre- 
quent iaYoinntary twitchiugs of the mnscles and limbs. The 
reflexes of the lower limbs are mnch exaggerated, iuclading 
those of the patellar tendons, and ankle clonus is present. 
The sensibihty of the legs is moch diminished, but that of the 
arms seems normal. There are no trophic or Taeo-motor 
changes, indeed the patient is very stout and well developed. 
There is slight incontinance of urine and constipation of the 
txnreb. 

Ekctrieal Reactiom. — To all the muscles and nerves of the 
paralyzed parts the reactions of both cuirents are dimin- 
khed, and require a much more powerful current than in 
health to produce contraction, otherwise they are normal, 
there being no quahtative changes, 

G&BE XXX. — Myelitis of six month* duration. Probable dis- 
ease of the white columru ajtd grey matter. Electrical reactioni 
qvantitatively and quaUtatitely changed, K. B., sat. 84, female, 
housewife, has always been of nen'ous and somewhat deli- 
cate constitution, but otherwise well. About six months 
before admission, she became one day sick aud feverish and 
experienced sharp pains in all her limbs, and weakness and 
numbness in her legs. Next morning she could not stand 
although she could move her legs when lying on her back. 
She lay in bed for three weeks and became worse, lost 
all power in her legs, and the arms became affected with 
weakness and soon afterwards almost completely paralyzed. 



126 ELECTBO-DUGNOSIS. 

She suffered at first from general malaise but there was no 
pain in the back, nor any bladder, or rectal troubles. She was 
admitted into a hospital where she remained three months, 
during which time her general health was good and some 
improvement took place in the movement of her limbs. 

At present the patient is a fairly healthy looking person, 
but pale and anaemic. She cannot stand or walk. When 
lying on her back in bed she can move her legs feebly. 
They cannot be fully extended owing to tonic contractions 
of the fiexors of the thigh and leg. Attempts at passive 
extension cause great pain, and this can only be partially 
performed. There is no motion of the foot or toes, on either 
side. The muscles of the lower extremities generally are soft, 
flabby, and wasted. Bowels constipated, bladder not affected. 
The left arm which formerly was completely paralysed has 
recovered to a considerable extent. Its movements can be 
performed, but all of them are feeble. The fingers and hand 
are very awkward and clumsy, she cannot pick up small 
articles, &c. The grasp of the hand is very weak, the pres- 
sure exerted being only three pounds, as ascertained by the 
dynamometer. The right arm is still more paralysed, the 
wrist drops, and the patient cannot bring the hand level 
with the arm. The movements of the wrist and fingers are 
very feeble and limited. There is no pressure whatever with 
the grasp of the hand. The movements of the forearm and 
upper arm are also very imperfect. The muscles of both 
arms are much atrophied especially the right, and in both 
the extensors of the wrist and fingers are especially ema- 
ciated, and the flexors are sHghtly contracted. The head and 
neck are normal. There are no traces of reflex action or 
tendon reflexes in the legs. There is great loss of sensibility 
below the knees, but above them it appears normaL There 
is no pain or tenderness in the back, but there are occa- 
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Bional shootmg paiiia in the limbs. There are no cerebral 
Bymptoms. The skia ia covered with cold clammy perspira- 
tion. 

Electrical Eeactiotis. — Faradisni. To the nerve trunks of the 
left arm, this causes very feeble contractions of the muHcles, 
and in some of them there is no response whatever. A strong 
current applied directly to the flexors of the fingers causes 
moderate contractions. Neither the same, nor a much 
stronger stimulus, has any effect on the flexors of the wrist, 
or the extensors of the fingers and wrist, but there is a 
ehght response to the radial extensor and that of the thumb. 
The small muscles of the thumb and little finger respond 
feebly to very strong currents. The right arm is much the 
same only more advanced, there being only slight response 
to the extensor digitorum to a very strong current, the other 
muscles faiUng to contract. The muBcIes of the upper arm 
are greatly diminished in irritabihty. To the nerves and 
muscles of the legs and thighs the strongest cnrrent fails to 
induce any contractions. The muscles of the trunk respond 
veiy feebly to strong currents. Galvanism. To the left 
forearm a moderate current produces fair contractions of the 
extensors of the hand and fiugere, C.C.C. > A.C.C. The 
Game occurs with the flexors but the contractions are not so 
well marked. To the right arm a strong current produces no 
effect on the Extensor Carpi Radialie, or on either flexor of the 
wrist, and very sHght to the Extensor Carpi Ulnaria. The 
flexors and extensors of the fingers act moderately with a 
strong current C.C.C. > A.C.C. but the latter is increased. 
To the lower hmbs there is no response whatever to a strong 
current apphed to the nerve trunks. A powerful current to 
the muscles cause faint contractions C.C.C. > A.C.C. but the 
latter is increased. 

The patient remained in the hospital, or under observation 
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for thirteen months, at the end of which time her condition 
was as follows. The upper extremities were perfectly nor- 
mal in every respect. There was no trace of atrophy, and 
the movements and power appeared normal. She could 
squeeze with the dynamometer 85 lbs. with the left and 25 
lbs with the right hand. Her legs some months ago had 
been forcibly straightened. She can move her limbs freely 
in bed in every direction, but cannot stand. The reflexes 
were not tested owing to the patient having a large abscess 
on her back. Sensibility was normal. The patient left at 
her own desire. The electrical reactions on her leaving 
were. Faradism to all the nerves and muscles of the forearms 
and hands, as far as could be determined was normal, except 
that the extensors of both wrists showed considerable diminu- 
tion. To Galvanism the actions appeared normal. The 
muscles and nerves of the legs were still considerably dimin- 
ished in response to both currents although greatly improved. 
Case XXXI. — Myelitis of nine months duration, ProhabU 
disease of a limited segment of the cord. Electrical Reactions 
showing abnormal changes in a zone round the waist, with normal 
responses in the upper and lower extremities, W. H., 8Bt. 45, 
male, servant. The patient states that he has no history 
of syphilis and that he was in good health till about two 
years ago, when without any apparent cause he was seized 
with pain in the back. This pain lasted for some months. 
About nine months ago he began to experience weakness and 
numbness of the lower extremities. This continued gradually 
to increase, so that a month ago he was unable to walk, 
which condition has continued ever since. He has had good 
general health, only suffering from constipated bowels and 
slight difficulty in evacuating the bladder. During the last 
month his legs have become totally paralysed, the muscles 
have contracted, and he has felt a tight constriction round 
the waist. 
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At present tlie patient in a, robust man. All hia orgariB 
and functioDB are healthy. He has no pain ia tho back. 
About five inelies above the umbiUicaa tho patient coniplainB 
of the feeling of a tight band round hia body, Abovo thia 
line all motion is normal, below it, totally aboliwhoil, and 
sensibility almost entirely lost. The muscles of tho lower 
limbs are much contracted, and all the joints are bo Btroiigly 
flexed that even with force they cannot be oxtoiidod. Al- 
though some of the muecles are Bomewhat soft and flikbby 
there is no atrophy. Most of tbem Ette tense and rigid. 
There are frequent involuntary movoments of the lega which 
cauae considerable pain. Ticlding or even touching tho skin 
causes strong reflex movements. The tendon rcfloxoB aro 
greatly exaggerated, as aro also tho musclea to mechauicnJ 
percussion. The bowels are constipated and there ia incon- 
tinence of urine. The intellect and special senses ore normal. 

Electrical Reactions. — Over a zone about five inchoB in 
width round the body, the lower border of which ia at about 
the level of umbiliicus, Faradism and Galvanism applied to 
the muscles, even with very strong currents, fail to induce 
any contractions. Botli above and below tho band tho elec- 
trical reactions are healthy. 



m. Pabalybis fbou disease of 1 

The Electrical reactions in diseases of tho peripheral uervea 
vary according to the extent of the loaion, but on the whole 
are more complete and definite than thoae arising from 
degeneration of tho centres. In Chapter VI lias been des- 
cribed the anatomical changes which tnko place in a motor 
nerve which has been experimentally divided, with the Elec- 
trical reactions which as a consequence follow. Precisely 
the same conditions occur in disoEise when it seriously involves 
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the structure of the nerve, and is termed ** the severe fonn " of 
peripheral paralysis. Here there is total loss of response, 
with both currents when applied to the nerve trunk, total 
loss of farado-muscular excitability, and the Galvanic current 
direct to the muscular tissue gives the characteristic signs of 
the reaction of degeneration, the whole indicating more or 
less complete destruction of both nerve and muscle. ** The 
slight form " of peripheral paralysis is present, when there is 
loss of voluntary motion with normal electrical reactions, 
showing, that although the lesion is sufficient to cause para- 
lysis, it has not led to structural changes in either nerve or 
muscle. Between these two extremes there is every variety 
of intermediate condition, constituting, " the middle form " 
of peripheral paralysis, in which although not complete, 
there is evidence of more or less organic degeneration of 
either nerve or muscle or both these together. The prog- 
nosis of the mild form is favourable, recovery usually 
being complete in two or three weeks, with or without treat- 
ment. That of the severe form is unfavourable, and if a cure 
takes place at all, it is only after many months, and even 
then it is incomplete. In the middle forms, the prognosis 
varies according to the severity and extent of the disease. 

These different degrees of nerve degeneration may all arise 
from the same or different affections of the nerve, causing a 
varying amount of destruction of its tissues. There may be 
simple quantitative increase of electrical response, as is seen 
in irritative lesions, and in the very early stages of severe 
diseases, but this is usually slight and temporary. Fre- 
quently there is quantitative diminution^ and this in propor- 
tion to the histological alteration of the tissues. Finally in 
all serious affections of the nerve there are qualitative changes 
in the muscle. The explanation of these phenomena is 
precisely the same as that already given for similar results 
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following diseases of the spinal cord, namely, the separa- 
tion of the tissues from their nutritive elements in that 
centre. By the electrical conditions, we are enabled accu- 
rately to determine the exact pathological state of nerve and 
muscle, the stage of its progress, and in most cases to 
hazard with tolerable accuracy, its prognosis. 

A. Slight form of Peripheral Paralysis. 

Case XXXII. — Paralysis of the musculo- spiral nerve of two days 
duration. Electrical reactions quantitatively increased. A. W., 
-aet. 37. male, potman. The patient states that he was per- 
fectly well till about two days ago. He went to bed in his 
usual health and on waking found his left arm weak, which 
has continued so since. 

At present the patient is a healthy man. There are no 
abnormal appearances of the limbs. The left wrist and fin- 
gers are very weak, and the former drops. He cannot extend 
the hand or fingers. The grasp of the hand is fair, but not 
nearly so strong as the other. The movements of the fore, 
and upper arm are normal. 

Electrical Reactions, — All the nerves and muscles of the 
body are normal except the left musculo- spiral, and the mus- 
cles it supplies. Both currents applied to these, cause much 
more vigorous contractions than to the opposite and healthy 
side. 

Case XXXIII. — Facial paralysis of three weeks duration. 
Electrical reactions normal, L. B. aet. 23, female, machinist. 
The patient states that she has suffered for many years from 
facial neuralgia on both sides, and pain in the right ear, 
otherwise with the exception of general nervousness, she has 
been in good health till three weeks ago. About this time it 
was first noticed that her face was drawn to the left side, 
which condition has continued ever since. 

k2 
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At present the patient although of a nervous temperament 
is in good general health. She complains of earache and 
neuralgia on the right side of the face, and frequent head- 
aches. The sensibility is normal. The face when at rest is 
slightly drawn towards the left side, where the markings on 
the skin are most distinct, and. this is still more apparent 
when movement is attempted. The motions of the right 
side are markedly deficient. Both eyes can be closed. 
There is slight indistinctness of speech. The movements 
of the tongue are normal. 

Electrical Reactions. — These are normal to nerve and mus- 
cle, and equal on both sides. 

Case XXXIV. — Paralysis of the median nerve of three weeks 
duration. Electrical reactions normal. F. S. 8&t. 63, male, 
mason. The patient states that he was quite well till three 
weeks ago, on waking one morning, and without apparent 
cause he experienced severe pain in the shoulder and along the 
inner side of the right arm. Next day this was much in- 
creased, and has continued ever since. A few days after the 
onset of the pain, the arm and hand became weak. 

At present the patient is a healthy man. He has severe 
pain, Hmited to the shoulder and inner side of the right arm. 
The median nerve can be felt through the skin, hard swollen 
and very tender to the touch, from the axilla to the elbow. 
The movements of the entire Hmb are feeble and imperfect. 
Flexion of the hand and fingers is extremely feeble and the 
grasp of the hand is almost nil. 

Electrical Reactions. — Both currents applied to the right 
median nerve, although they cause much pain, appear to 
produce the same muscular contractions as on the other 
side. Both currents applied to the motor points of the mus- 
cles themselves, caused contractions like those on the healthy 
side. 
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B. UiDDLX FoKM OP pEBirHZSAii Pakalybih. 

Cabk XXXV. — Facial Parahjiii of three years standing. 
Partial lou of voluntary vkotum. Structure of nerve partially 
altered, thai ofmwcU healthy. M. G., Kt. 41, female, macbin- 
iet. The patient state a she has always been delicate, but baa 
had no definite complaint. Three years ago while in her 
ordinary health she observed her &ce drawn to one side, 
which greatly increased diiring the next few days. After a 
time this somewhat improved but the condition has remained 
ever since. 

At present the woman ie in ordinary health. There ia 
severe but not absolute paralysis of the rigbt side of the tace, 
the features being all drawn to the left, both at test and on 
motion. There are tbe nsnal symptoms, the incomplete clo- 
sure of the rigbt eyelid, the emootbnesa of that side of the face, 
etc., and there are involuntary muscular twitchings of tha 
affected muscles. The rigbt ear is a little deaf, and she has 
slight difficulty in articulation. The palate and nvula ara 
normal There are no other nervoua symptoms. 

Electrical Ueactiom. — A current with both Faradism and 
Galvanism to the trunk of the 7th nerve, sufficient to cause 
vigorous contractions on the left Bide, have no eflfect what- 
ever on the rigbt, A very powerful current produces shgbt 
muscular response. Faradinm applied directly to the muscles 
causes the same resulta. Galvanism to the muscles produces 
Blight quantitative diminution but no qualitative changes. 

Cask XXXVI, — Paralysis of the Ulnar Nerve of otu montk'i 
duration. Partial Uas of voluntary motion. Structure of nerve al- 
tered, tluit of wukU healthy. W.C.mt. 41, male, brass -finiflber. . 
The patient was quite well till a month ago when be fell on 
bis rigbt shoulder. A few days afterwards he experienced pain 
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in that joint shooting down the arm, and soon afterwards gra- 
dual weakness of the arm ensued, with numbness in the fin- 
gers, which symptoms have continued ever since. 

At present the patient is a healthy man complaining of 
severe pain in the right shoulder, shooting down the inner 
aspect of the arm. On manipulating the ulnar nerve it is 
distinctly tender from the axilla down to the elbow. There 
is numbness of the two inner fingers. There is no apparent 
wasting. The movements of the right hand and fingers are 
very weak, as compared with those of the other side. 

Electrical Reactions. — To the trunk of the right ulnar nerve 
there is marked diminution of response to both currents. 
Faradism directly to the Flexor Carpi Ulnaris, abductor, and 
flexor minimi digiti, show considerable diminution of re- 
sponse. All the other nerves and muscles are healthy to 
Faradism. To Galvanism these three muscles are normal, 
if anything with sUghtly increased reactions. This patient 
completely recovered iu four weeks. 

Case XXXVII. — Facial paralysis of one week's duration, 
Stiiicture of trunk of nerve altered. Its peripheral branches, and 
muscles normal, H. H., 8Bt 33, male, brewer. The patient 
states that he was quite well a week ago. Then without ap- 
parent cause he noticed that the left side of his face became 
immoveable, and without apparant cause. This has contin- 
ued since. 

At present the patient is otherwise a healthy man. He 
presents all the symptoms of almost complete paralysis of the 
7th, nerve on the left side. The face is drawn to the right, 
he cannot close the left eye, etc.. There is no abnormality 
of the uvula or palate. 

Electrical Reactions. — With a current of Faradism which pro- 
duces very vigorous contractions when applied to the trunk of 
the right facial nerve, there are none on the left side, but wi& 
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a very powerful current there is slight response. Faradism 
applied directly to the muscles, produces the same effects on 
both sides of the face. With Galvanism to the trunk of the 
nerve there is much diminished action on the left side. To 
the muscle, sHghtly increased quantitative change, but nothing 
quaUtative. 

Case XXXVIII. — Paralygis of the Median Nerve of two weeks 
standing. Great loss of voluntary Motion ; Partial degeneration 
of nerve and muscle, G.L., 8Bt. 45, male, rope maker. The 
patient states that he was quite well till a fortnight ago. On 
waking one morning he felt his right arm numb and weak» 
which has continued since. 

At present the patient is a healthy man. The right hand 
and fingers are very weak, especially the flexors. The grasp 
of the hand is almost nil. The movements of the fingers are 
very limited, and he cannot use them for dressing himself or 
for other purposes. There is no marked wasting. 

Electrical Ileactions, — The Faradic current to the right med- 
ian is followed by distinct diminution, but not total loss of 
muscular contraction. The other nerve- trunks are normal. 
Direct to the radical flexors and the muscles supplied by the 
median nerve there is also marked diminution of response, 
while to the extensors the reactions are normal. Galvanism to 
the median trunk indicates slight comparative diminution of ir- 
ritabihty. The same current applied to the paralysed muscles 
produces a more marked contraction than to the others, but 
it is slow and tonic and the A.C.C. = C.C.C. 
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Case. XXXIX. — Facial Paralysis of two months duration. 
Almost total loss of voluntainj motion. Complete degeneration of 
fierce, with alteration in muscle, L. P., a^t. 21, Female, servant. 
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The patient states that although in good general health, she 
is of nervous temperament. Two months ago she went to 
bed one night in her usual health. Next morning, without 
obvious cause, she found the right side of her face paralysed, 
and this has continued ever since. 

At present the patient is an otherwise healthy-looking per- 
son. The right side of the face is almost entirely paralysed, 
but not absolutely so. She cannot close the right eye, but 
there are slight movements of the eye-brows when she at- 
tempts to do so. The other movements of the features are 
almost abolished. Fauces and palate normal. 

'Electrical Reactions, — ^A very strong application of either 
current fails to eUcit any response whatever to the trunk of 
the right facial nerve. Faradism applied directly to the 
facial muscles produces no result. Galvanism directly to the 
muscles, causes contractions with a current so weak that it 
has no action whatever on the healthy muscles of the oppo- 
site side. The contractions are slow and prolonged, and the 
A.C.C. > C.C.C. A year afterwards this patient had im- 
proved but not entirely recovered. 

Case XL. — Paralysis of the Musculo Spiral Nerve of ten day9 
standing. Complete degeneration of nerve, with partial degenera- 
tion of muscle, J. S., sat, 37, mple, cutler. The patient states 
that he was quite well ten days ago, and went to bed in his 
usual health, having been drinking heavily. Next morning 
he experienced numbness of the right thumb and fore- finger. 
This continued, and the next day the wrist and fingers of the 
right hand were weak. This increased during the next few 
days, and in addition a slight choreic movement appeared in 
the arm. 

At present the patient is otherwise a healthy man. The 
choreic like movements in the arm have ceased. There is 
no evidence of lead poisoning. The parts arc normal every- 
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where except the right foreaxm and hand. The movements of 
the right hand and fingers are very feeble, there is wrist drop, 
and the patient cannot extend the hand, which is kept greatly 
flexed. There is no trace of extension of the fingers. The 
grasp of the hand is feeble. Pronation and supination is 
normal. There is no marked wasting of the muscles. The 
sensibihty is normal. 

Electrical Reactions. — Both currents appHed to the trunk of 
the musculo- spiral nerve, produce no efifect whatever on the 
extensors of the wrist or fingers. Faradism directly to these 
muscles causes no contractions, even with strong currents. 
Galvanism direct to the affected muscles produces contractions 
about equal to those on the healthy side, but slower and 
more tonic in character, and the A.C.C. = C.C.C. The 
reactions to the flexors and other muscles are normal. 

Case XLI. — Facial Paralysis of 4^ years standing. Almost 
complete loss of voluntary motion. Nerve completely degenerated. 
Muscle almost completely degenerated, G. Y., set. 6, male, 
schoolboy. The patient is stated to have been taken ill four 
and a half years ago, when his face became twisted, and this 
has continued ever since. 

At present the patient is otherwise healthy.- He suffers 
from all the usual symptoms of almost complete paralysis of 
the right facial nerve, difficulty of closing the eye, etc. He 
also suffers from headaches. 

Electrical Reactions. — The strongest currents of both bat- 
teries fail to produce any effect when appUed to the trunk of 
the right facial nerve. Faradism applied directly to the 
muscles is also followed by negative results. Galvanism with 
very strong currents, direct to the muscles, produces very feeble 
contractions, which are almost imperceptible, the A.C.C = 
C.C.C. 

Case XLII, — Paralysis of the ulnar and musculo-spiral ne7'ves. 
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of eleven weeks duration, as a result of pressure. Crreat loss of 
voluntary motion. Advanced degeneration of nerves and muscles. 
R. L., aet. 23, male, bricklayer, under the care of Dr. Sturges. 
The patient states that sixteen weeks ago being in perfect 
health, he broke his leg. At the end of a fortnight he began 
to go about on crutches. Three weeks after this he noticed 
that his left hand became weak, and this has continued ever 
since. He has not observed any afifection of the other arm. 

At present the patient is a perfectly healthy man with the 
exception of his upper extremities. He is a very heavy bulky 
subject. The trunk and shoulders are normal. The move- 
ments of the shoulder joints are healthy, as are apparently 
those of the entire right upper extremity. The actions of the 
left elbow joint are fair, but much feebler than on the opposite 
side. There is complete wrist drop and the extensors of the 
hand and fingers are absolutely paralysed, there being not the 
shghtest trace of movement. The wrist and fingers can be 
flexed, but feebly, and the grasp of the hand is almost 
nil. The grasp of the right hand, appears weaker than nor- 
mal. The size of the left arm below the shoulder is 
uniformly considerably smaller than the other, but no special 
muscles are atrophied. The muscles are flabby, and the 
Hmb is cold and purple. There is no rigidity, and the joints 
are quite flexible by passive motion. The wrist and fingers 
are kept in a state of flexion, which can be easily overcome. 
The sensibihty of the skin is normal. 

Electrical Reactions. — Faradism. On the right side the 
median and ulnar nerves are healthy, but the musculo- spiral 
is markedly diminished in reaction. In the left arm the 
median nerve is normal. The ulnar is greatly diminished 
in excitabihty, there being only shght flexion of the thumb 
when its trunk is irritated above the elbow. There is no 
response whatever when the musculo- spiral is stimulated 
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with a moderate current but with the strongest there is 
very shght response. Faradism applied to the muscles on 
the right side causes apparently normal contractions, except 
to the extensors of the fingers and wrist, wliich are some- 
what diminished in response. On the left side there is groat 
diminution to all the extensors, as with a strong current 
there are very feeble contractions of those of the fingers, and 
none at all of those of the wrist. The flexors appear 
normal. Galvanism, To the nerve trunks much the same 
reactions as to faradism. The flexors of the right side are 
normal. The extensors give fair contractions, but the 
A.C.C. is increased. The same condition exists in the 
biceps and triceps muscles. On the loft side the flexors 
are normal except that A.C.C. is increased. To tlio ex- 
tensors of the fingers the response is considerably dimin- 
ished, and the A.C.C. increased. To the extensors of the 
wrist this is so greatly diminished as to require a very 
powerful current to I'jroduco any action, and A.C.C. = 
C.C.C. In the biceps and triceps the reaction is diminished, 
and A.C.C. > C.C.C. With a powerful interrupted galvanic 
current to the extensors of the wriyt, there is a contraction at 
making the current followed by innuediate relaxation, al- 
though the current continues to pass, there being no tetanic 
spasm. This tetanus is seen in all the other muscles. 

IV. Paralysis of Doubtful Origin. 

Under this head are included those forms of paralysis, the 
exact pathology of which, has not as yet been actuaUy de- 
monstrated. 

Hysterical Paralysis. 

The electrical reactions in hysterical paralysis to both nerve 
and muscle are practically always normal. In some cases 
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there may be quantitative changes, but these are of slight 
degree, and qualitative alterations are never present. In- 
creased response indicates general nervous excitability, and 
diminution sometimes occurs in very chronic cases from func- 
tional disuse of the muscles. In certain cases, in addition to 
the ordinary reactions, the electrical stimulus produces ir- 
regular contractions of distant parts, and even of the opposite 
limbs. This indicates great excitabiUty of the nervous sys- 
tem, and more especially of the cord. 

Case XLIII. — Hysterical Paraplegia, Second attack of two 
month's duration. Complete ancesthesia, and loss of voluntary 
motion. Electrical reactions normal, — H. H., est. 27, female, 
charwoman. The patient states that upon the whole her 
general health has been good. Some few years ago her 
husband died, and she was then compelled to earn her own 
living. A year ago she was seized with complete paralysis of 
the legs which continued eleven days, and from which she 
entirely recovered. About two months ago she gradually 
experienced a feeling of numbness in her feet accompanied 
with weakness. This has gradually increased so that now 
she has neither feeling nor motion in her limbs. 

At present the patient's general health is excellent, and she 
is unusually robust-looking for a hospital patient. There is 
no trace of voluntary motion in any part of the lower extre- 
mities. The reflex actions and tendon reflexes are exagger- 
ated. There are constant involuntary movements of the legs. 
There is complete anassthesia and analgesia of the skin of the 
lower extremities. There is no pain anywhere. There is in- 
continence of the urine which constantly runs away without 
the knowledge of the patient. The other organs are healthy. 

Electrical Reactions, — To both nerve-trunks and muscles 
these are normal. This patient subsequently recovered. 

Case XLIV. — Paralysis probably Hysterical, Second attack 



L 



HYSTERICAL PARALYBIB. 141 

of three mantln duration. Widely diffused muscular contraction! 
on tlectiieal stimulus. — A, B., tet. 21, fsmale, Benip8tre9S. The 
patient states that elie has never been a robust person, but 
has enjoyed fair general health till about a year ago. About 
this time without obvious cause she lost the power of her 
legB, For several weeks she was unable to mo^-e the limbs, 
after which she slowly recovered and continued in her usual 
health tUl about three months ago. Then, somewhat sud- 
denly, in the course of two or three days, she again became 
paralysed in the lower hmbs, for which she can assign no 
reason. Some few weeks afterwards, weakness was experi- 
enced in the arms, but the legs somewhat improved in power. 
These conditions have continued since. 

At present the patient is an antemio, delicate- looking girl, 
of higlily nervous temperament. She ia emotional and 
hysterical, but has never had severe attacks. 8ho complains 
of pains in the head, back and limbs. The head and special 
senses ai'e otherwise normal. Both arms are very weak, but 
nowhere specially so, and there ore no trophic or vaso-motor 
abnormahties. Both arms are affected with a violent choreio- 
hke tremor, which is greatly increased on attention being 
directed to it, or when attempts are made to do anything. This 
is sometimes so violent that the patient is unable to feed or 
dress herself. The lower extremities can be moved when the 
patient hes in bed, but in a Jerky and irregular manner. 
She cannot stand or wallf, and when she attempts to do so, 
oven with assistance, ber legs seem to sink from below her. 
There are no special muscles paralysed, or is there any wast- 
ing of their substance. The sensibility is considerably dlmin- 
iahed everywhere, and especially in the lower part of the 
body. All the reflex actions are very vigorous, and the ten- 
don reflexes greatly exaggerated. The mechanical irritability 
of the muscles is also much increased. There are no blad- 
der or rectal troubles. 
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Electrical Reactiom, — Both currents when applied to the af- 
fected nerves and muscles apparently produce normal reactions. 
When, however, the electrode irritated any nerve, it not only 
caused contractions of the muscles supplied hy it, hut also 
many of the others higher and lower down, and also some of 
those on the opposite side. These apparently reflex contrac- 
tions were so strong, and so general, that it was extremely 
difficult to determine the local effect of the current. 

Lead Paralysis. 

In this disease there may be abnormal electrical changes 
before the patient's attention has been directed to any loss of 
motion. In a case of lead poisoning observed by myself, in 
which the voluntary movements appeared unimpaired, elec- 
tricity indicated normal reactions of the large nerve-trunks, 
but diminished response to their peripheral branches, also com- 
mencing qualitative alterations in the muscular fibre. The 
subject in this instance considered himself a perfectly healthy 
man. Paralysis, when it does appear may come very sud- 
denly, and very rapidly develope abnormal electrical reactions. 
These consist of, speedy but seldom absolutely complete loss 
of response with both currents to certain nerve-trunks, and 
more especially to their peripheral terminations ; there is in- 
creased irritabihty to galvanism of the affected muscles ; the 
contractions are slow and tonic, with considerable increase of 
the anodal closure contraction. In short, there exist the ty- 
pical reactions of serious neuro- muscular degeneration. In 
the further progress of the disease the electrical reactions may 
undergo all the phases already described as occurring in this 
condition, and may on the one hand end in recovery, or on 
the other, may proceed through all the stages to total aboli- 
tion of response with faradism and galvanism to both nerve 
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aud muBcIe. As far as the actual character of the reactions 
themselves is concerned, their iihenomena are much the 
Bame as are seou iu poliomyelitis anterior ; but their tlistri- 
button, extent, and general progress are very different. 

Case XLV — Ltad Powming. J\'o paralysis. JElertrical con- 
ditions indicating commencing alteration in the peripheral intra- 
muscular nerves, and tii the muscles. A, B.. tet. 40. male, houBe 
painter. The patient states that he has been a painter for 
twenty years, and has worked much with white lead. He 
has never been a robust man hut has been in fah ordinary 
health till about a week ago. He vas then attacked mth 
pains in his bowels, and general weakness and indisposition, 
from which he has suffered siuce. 

At present the patient is a pale sallow- complesi on ed man, 
hut with the exception of his present complaint he is in his 
usual health. For the last week he has suffered from sharp 
attacks of cohcy pains in his abdomen, coming on at intervals, 
but leaving iu the interim an uneasy foeUng, He has lost 
his appetite, aud liis bowels are greatly constipated, otherwise 
there are no abnormal symptoms. There is no weakness or 
wasting of the wrist or fingers, and the patient's attention 
has never beeu directed to any failing in these localities. 

Electrical Reactions. — Both currents apphed to the mueculo- 
Bpiral, and other nerve trunks, an followed by normal re- 
spouses. Faradism to the extensors of the wrist and fingers 
of both arms require a strong current to cause contractions, 
which are here much IcBS vigorous than to the flexors or other 
muscles. Galvanism applied to these produces contraction 
apparently of normal force, but the A.C.C. is very marked- 
ly increased. 

Case SLTI. — Lead Paralysis of Iko tceehs duration. Partial 
di'gmieration of nerve. Commencing alteration of muscle, W, C, 
tet. 89, male, honse painter. The patient says be has been 
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a house painter for twenty five years. He has never had an; 
actual iUness, but for many years has not been a robust man. 
About a fortnight ago he felt unwell with indefinable symp- 
toms, and pains and cramps in all his Hmbs. Having gone to 
bed in this condition one night, next morning he found his 
hands stiff and weak. This has gradually continued to in- 
crease ever since. 

At present the patient is a sHghtly built, pale, and delicate 
looking man with a sallow complexion and marked blue line 
on his gums. His organs and special senses are healthy and 
he complains only of the weakness of his arms. Both Deltoid 
muscles are greatly atrophied. The muscles of both upper 
arms are thin, soft, and flabby. The forearms and hands are 
thin but cannot be said to be specially atrophied. The move- 
ments of both shoulder joints are extremely limited. He 
cannot abduct the elbows from the side more than a few inches, 
although all the other movements are performed, but very 
feebly. The movements of the elbow joints are weak, and the 
grasp of the hands is extremely feeble. There is no actual 
wrist drop, but there is marked difficulty in extending the 
hands and fingers. There is a well marked tremor of both 
arms and hands, and apparently confined to them, which is 
increased when attention is directed to it. Here and there 
in the affected muscles are fibrillary contractions of the fibres. 
The mechanical irritabihty of the diseased muscles is active 
and more so than in the healthy ones. Both sides are as 
nearly as possible the same. 

Electrical Reactions, — Faradism appUed to the ulnar and 
median nerves produces vigorous and healthy contractions. 
To the musculo- spiral trunk there is vigorous extension of the 
thumb, but all the other movements are much diminished. 
Applied directly to the flexor muscles there are good contrac- 
tions. The same current to the extensors produces no effect ex.- 
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copt tery slight exteoBionof the ulnar side. The extensors of 
the thumb appear normal. With a stronger current there 
is no response whatever to the eitensors of the fingers. The 
Biceps and Triceps muscles are normal. The anterior por- 
tions of the deltoids contract feehl; to a strong corrent hut 
the ponterior portions do not do bo. So far both sides of the 
body are equal. The left trapezius reacts somewhat less 
than the right, but contracts vigorously. The right rhomboid 
apfiears to contract freely, but slightly less than the left. The 
muscles of the hand appear to be normal. Galvanism is nor- 
mal to the median and ulnar nerves, and somewhat diminished 
to the musculo- spiral. It is also normal to the flexor musclea 
of the forearm. To the extensors of the wrist and fingers, a 
current which produces no effect on the healthy muscles, causes 
in them marked contractions, slow and tonic in character, 
and the A.C.C. > O.G.C. To tlie Extensor Carpi Ubaris the 
A.C.C. is not BO well marked, and to the extensors of the 
thumb it does not appear to be augmented. To the Trap- 
ezius, Rhomboid, Triceps, and Biceps muscles the reactions 
are normal, except that in all the A.C.C. is slightly increased. 
To the Deltoids there is increased irritability, and a current 
which produces no effect on healthj muscle, with the C.C.C. 
causes a contraction in these with the A.C.C. Both sides 
of the body are equal. 

Cask XL VII. — Lead Paralt/iU of six montht duration. Al- 
most complete degeneration of nenie. Advanced alteratio/i of 
muiele. 3. D. wt. 57, male, lead worker. The patient states 
that he has worked amongst lead for fifteen years, and baa 
always enjoyed good health and noror to his knowledge suf- 
fered from lead poisoning till six mouths ago. He then began 
to experience a pricking sDusation iti his fingers, and pains in 
his limbs, with weakness of the liands. These symptoms 
have gradually increased and continued np to the present time. 
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On examination the patient is a healthy looking man. The 
body generally is spare and thin. There is no marked special 
wasting of any of the muscles except those of the extensors of 
tlie hand ; the thenar and hypothenar regions, and the inter- 
rpssei are extensively atrophied. There are no movements of 
either upper extremities which are actually lost, but all from 
the shoulder downwards are feeble and imperfect. The ex- 
tension of the hands and fingers more especially is weak, but 
can be performed slowly. Both sides are much the same, the 
right being somewhat more marked than the left. The 
sensibility of the skin is everywhere normal. There is a well 
marked blue line on the gums. The organs and other parts 
of the body are healthy. 

Electrical Beactions. — The Faradic current to the median 
and ulnar nerves is followed by normal action. To the mus- 
culo- spiral there is only shght extension of the thumb. AppHed 
directly to the muscles the biceps, and flexors of the hand and 
fingers, contract vigorously, the supinators and extensors of 
the thumb sHghtly, and the triceps and other extensors and 
small muscles of the hand not at all. The Galvanic current 
to the affected muscles causes contractions, but considerably 
diminished in degree, slow and tonic in character, and the 
A.C.C. in most of them equals the C.C.C. 

Case XLVIII. — Lead paralysis of Jive months duration. 
Complete degeneration of nerve and muscle, B. H., 8Bt. 82, male 
house painter. The patient has been a painter for eighteen 
years. As far as he knows he has never had any symptoms 
of lead poisoning till eight months ago, when he was laid up for 
three weeks with an attack of coHc. From this he recovered 
and remained well till five months ago, when he had another 
attack. While suffering from this he was seized with three 
** fits " of an epileptiform character, and soon after this he 
noticed that his hands were weak. This increased and has 
continued ever since. 
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At present tho patiQat ia a fairly healthy looking man, and 
he ia weU except his arms and hands. In the right side the 
disease is more advanced than iji the left. The former 
arm he camiot raise to the level of the shoulder. The 
movementa of the forearm are very feeble. There is 
distinct wriat drop and total incapacity to eSect the slight- 
est extension of the hand. The fingers Eure fixed and 
cannot be extended. The grasp of the hand is very 
feeble. The left upper extremity is the same but not quite 
80 advanced. There ia no marked atrophy of muscles except 
the extenaora of tbe wrist, which on the right side seem to 
have disappeared. 

Electrical Reaction, — Faradwn to the Median and Ulnar 
nerves is normal ; to the Musculo- spiral there is no response 
except slight action of the supinators and Ulnar extensor, 
Apphed directly to the muscles on the front of the arm the re- 
actions are apparently normal ; to the extensors of the thumb 
fair contractions, but these are much dumnished in the Ext. 
Carp. Ulnarifi, and there are none to the extensors of the wrist 
and fingers even with a very strong current. The muscles of 
the hand act fairly well to a powerful current. This ia the same 
on both sides, bat less marked on tbe left. Tbe galvanic 
current to the uerve-tnmks is tbe same as tbe faradic. 
Direct to tbe extensors of the left hand and fingers, there 
are moderate contractions but considerably diminished as 
compared to the bealtby muscles. These are slow and tonic 
in character and A. C.C. = C,C.C. The same to tbe Extensor 
Ulnarie of the right side, but to all the other extensors no re- 
aponse whatever to the strongest current of the battery. 
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electrical reactions in this condition are little known. In 
the cases which have come under my notice, however chronic, 
or however great the impairment of voluntary motion has 
been, I have never seen any diminution of response to the 
galvanic current, or any qualitative changes. In very chronic 
cases the reactions have been found normal, and in most of 
those more recent the responses were found exaggerated 
throughout the affected nerves and muscles. In a case of 
hemichorea cited below the electrical reactions were nor- 
mal on the healthy, and comparatively much exaggerated on 
the choreic side, but unaccompanied by any trace of qualita- 
tive reactions. The number of cases at my disposal have not 
been sufficient to draw any conclusions as to the electrical 
conditions at the different stages of the disease. One singu- 
lar fact has been noted that in a certain number of cases and 
more especially in adults, the reaction of faxadism to the 
nerve-trunks is diminished, while that of galvanism is in- 
creased. In one case galvanism applied to the muscle showed 
the COG to equal the CCC. I can offer no explanation of 
these phenomena. 

Case XLIX. — Acute Chorea of two months duration, JElec^ 
trical reactions quantitatively increased, H. M., ffit. 6, male. 
The patient, although not robust, has been healthy till about 
two months ago, when restless movements were first ob- 
served. No cause can be assigned. They have continued 
to increase ever since. 

At present the child is pale and thin but otherwise healthy. 
He presents all the characteristic signs of chorea affecting 
the head, body, and all the extremities. The movements are 
not violent but are well marked, especially in the face, hands, 
and feet. There is considerable muscular weakness, and he 
walks with a very unsteady gait. 

Electrical Reactions. — ^Both currents, and especially the gal- 
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Tsnic, when applied to all the nerve-trunks and muscles of 
the body show great readiness of response to very feeble 
powers of the battery. When these are so weak as to be 
Boarcely felt by the operator they produce vigorous muscular 
contractions on the patient. No qualitative changes. 

Case L. — Hemiehorea. in an adult of one month't duration. 
Electrical Beactions normal on. one sid4, and gvantitatively in- 
creased on the other. E. B., let. 20, female. The patient was 
married eleven months ago and is now seven months preg- 
nant of her first child. She has been well till a month ago, 
whan without obvious cause, irregular movements appeared 
in the left arm and leg. These have continued since. 

At present the patient is in good general health, and the 
intellect is normal. There are very well marked, but not 
actually violent choreic movements of the entire left side, in- 
cluding the face. The right side ia quite unaffected. The 
reflexes are the samo, and normal on both sides. The left 
limbs are distinctly weaker than thoaa of the right. 

Electrical lt/:actions. — Throughout the body the response to 
both faradism and galvanism is increased, so^ that very feeble 
currents cause vigorous contractions when applied to any of 
the nerve-trunks. This is, however, very much more marked 
on the left side, where the excitability as compared with the 
right is distinctly greater. No quoHtative changes. 

Casb LI. — Congenital Cliorea in a patient ten years of age. 
Electrical reactions quantitatively increased. J. W., EBt, 10, 
male. Irregular movements of the limbs have been noticed 
in the patient &om his earliest Lnfaucy, and they have 
oontinned ever since. He has an elder sister, who has 
been likewise affected from her bhth. His intelhgence haa 
never been very good, and he cannot read or write. He ia 
stupid and childish. 

At present tho general health is fairly good ; the intellect. 
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althongh not actually absent, is evidently blnnted and altered. 
There are well-marked choreic movements all over the body, 
including the face and head. These are equally distributed. 
The patient walks in a shuffling, awkward manner, and is 
said to be easily fatigued. There is no special paresis, and 
the limbs, although thin, are nowhere actually wasted. 

Electrical Reactions. — Feeble currents from both batteries, 
which the operator can scarcely feel, produce very vigorous 
contractions when applied to all the nerve trunks and 
muscles of the patient. There are no qualitative changes. 

Case LII, — Chronic Chorea^ second attack, of ten months 
duration. Electrical reactions quantitatively diminished to 
faradism, and increased to galvanism. S. M., ast. 15, female. 
The patient states that she has always been in good general 
health. Four years ago she suffered from an attack of 
chorea, which lasted a year, and which was the result of a 
fright. From this she completely recovered. Ten months 
ago restless movements appeared in all the limbs without 
apparent cause, and these have increased and continued ever 
since. 

At present the patient is a robust, healthy-looking girl. 
She has choreic movements of all the limbs, trunk, head and 
face. These ar.e very violent and constant, and the patient 
experiences much difiiculty in sitting on a chair, lying in bed, 
and is incapable of doing anything for herself. She com- 
plains of weakness and languor. 

Electrical Reactions, — A faradic current so strong as can 
scarcely be borne by the operator, causes only the very 
feeblest contractions when applied to the nerve trunks of 
the patient. When the current is further increased in 
strength they are very vigorous and otherwise normal, but 
the patient cries out with pain. A galvanic current — so 
weak that it cannot be appreciated by the operator— causes 
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very vigorous contractions when applied to the nerve trunka 
of tlio patient. A current from 5 Leelanoh^ cella cauaes 
marked contractions when the ulnar nerve is Btimulated. 
The muscles themselves are also equally excitable. There 
are no qualitative changes except that the AOC = CCC. 
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It occasionally happens that after various exhausting' 
diseases, or irom other circunista,nces, the muscular sys- 
tem undergoes simple atrophy, and the body emaciates, and 
Bometimes this miay be more apparent in certain parts than 
in others. This is accompanied by corresponding weaknesB, 
and a condition may arise which baa been mistaken for more 
serious organic disease of the nervous system. In euch a 
case as this, the electrical reactions are perfectly normal in 
character, ajid their vigour depends on the actual hulk of 
the muscle which remains, thus distinguishing it from pro- 
gressive muscular atrophy, and otlier more permanent afiec- 
tions. 

Case LUI. — Paresis /ront Wasting of Muscles after prolonged 
rheumatvon and ina/n'tion. Electrical reactions normal. E. F., 
set. 25, male : labourer. Under the ears of Dr. Sturges. 
The patient states that four months ago he was perfectly 
well. He was then seized with a eub-acnte attack of rhcu- 
maUsm of a severe character, which involved most of the 
joints of his body. With this he was laid up in bed for nine 
weeks : he soffered much pain, and did not have good nonr- 
iBhment or attention. On getting out of bed he noticed that 
be was very thin, especially his arms, which has continued 
eince. Although latterly the pains in his Umbs have im- 
proved, Ilia general health has been very feeble : he has been 
depressed in mind and body, and lus pecuniary circumstances 
have been very bad. 
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At present the patient is pale and weak^ and he moYes about 
with great difiSculty. He has occasional pains in the joints, 
and limbs, which are increased on movement ; the left shoulder 
joint is stiff and grates when manipulated. There is no actual 
paralysis anywhere, but all the movements are feeble and 
imperfect, more especially those of extension of the arms, 
hands, and fingers. All the muscles of the body are 
small, soft, and flabby, those of the fore-arm and hands 
especially, the extensors of which on both sides are more par* 
ticularly atrophied. The grasp of both hands is extremely 
feeble. 

Electrical Reactions, — To the nerve-trunks with both cur* 
rents there are perfectly normal reactions. The faradio 
current, applied directly to the muscles, showed that if their 
contractions were not so vigorous as in health, they were in 
proportion to their bulk. To galvanism also there was slight 
diminution, but no qualitative change. 

Paralysis of Malinoebers. 

In suspected cases of malingering, or in doubtful instances 
of paralysis, in which the patient is supposed to have some 
special interest in feigning disease, electricity may sometimes 
give most positive evidence. If any abnormal reactions 
exist, it is absolute proof of the presence of a morbid condi- 
tion. On the other hand, absence of such does not of neces- 
sity demonstrate that the affection is fanciful, the diagnosis 
of which must then be ascertained by other means. If» 
therefore, a person claiming to be paralysed for pecuniary 
or other interests, exhibits abnormal electrical reactions, and 
if these coincide with the other facts of the case, we are in a 
position to state that anatomical changes in the norvoua 
system certainly exist. The nature of these will be deter- 
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mined by our general knowledge of the circumstances before 
us. In tlie eveut of the respouBes beiug normal, in that 
respect the evidence is simply negative, and a decision must 
be arrived at from othor data. In many of thoae difficult 
cases after railway and other accidents, when persons demand 
compensation from companies or individuals, the existence of 
the reaction of degeneration would he a fact of vital impor- 
tance in favour of the apphcant, as it would indicate that ho 
nas suffering from a serious nerve lesion. Such a demon- 
stration is more conclusive in a Court of Justice than any 
amount of mere authoritative opinion. 

Examples of these are detailed in Cases XXY, and 
LYII. In these it was suspected by both the relations 
and doctors of the patients, that the paralysis was not 
genuine. The electrical phenomena definitely proved the 
existence of real organic disease, which the subsequent pro- 
gress of events fully demonstrated. 

In the question of railway accidents, I myself have had no 
practical experience, but the following instance occurred in 
the practice of a professional friend, by whom I am permitted 
to give only a very superficial sketch of the circumstances. 

Case LIV. — Railway Accident. Alleged parahjsU. Electri- 
cal reactions demonstrating degeneration of nerve and musele, 

Mr. ., let, 50, having previously been in good health, was 

in a train which collided with another on a certain railway 
line. He was much shaton, and was taken home insensible. 
From this last symptom ho recovered, but for some weeks 
afterwards was laid up in hed, suffering from the results of 
the shock. After a time gradual weakness was experienced 
in the lower extremities, which increased, till he could neither 
walk nor stand, and this lasted for many months. As the 
gentleman had been in receipt of a. largo income, of which his 
present condition deprived him, he brought an action for 
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very heavy damages against the Railway Company who 
were responsible in the matter. There were a number of 
circumstances which raised the suspicion of the different 
parties, and grave doubts existed as to whether or not the 
paralysis was not greatly exaggerated, if not entirely feigned. 
Medical men were called to decide the question and as 
nothing positive in the case could be detected there was am- 
ple room for difference of opinion. An expert then elec- 
trically investigated the various tissues, and he found 
distinct evidences of both nerve and muscle degeneration. 
This with other circumstances enabled him with great cer- 
tainty to establish the fact that organic disease of the spinal 
cord existed, and this of a tolerably advanced stage. This 
evidence was chiefly the means of procuring for the sufferer 
very heavy compensation, to which the progress of his disease 
in after years showed him to be fully entitled. 



CHAPTEE IX. 



, — The Peactical "Utility of Elbctko-dugkosis. 

In the preceding pages an attempt has been made to give in 
detail, tlie electrical reactions of the different tiaauee in health 
and diaease, and more especially in the different forma 
of paralysia. It ia from a general knowledge of the facts 
thus displayed, and hy their intelligent application in practice 
that useful deductions as to pathological conditions are to he 
drawn. As has already been insisted upon, like all other 
methods of physical diagnosis, electricity must not be de- 
pended on alone aa the sole means hy which we are to arrive 
at a just conclusion in investigating the nature of disease. 
It is only one of the aids we employ, but which in oonjuno- 
tion with other facts and observations is a most powerful 
auxiliary. A broad general view, and not a special one, 
should therefore be taken of the subjecl:, and although this 
porticalar agent if scientifically employed will faoOitata our 
methods of research, and the accuracy of our conclusions, wo 
must not expect it by itself to act as a mysterious power 
which will give us every information without an enquiry into 
all the other circumstances of the case. While insisting 
upon this general principle, and disclaiming against the for- 
mation of too exalted notions aa to the exclusive potency of 
the use of electricity in diagnosis, there are in this as in all 
modes of research certain instances in which it would appear 
that this agent actually gives us Imowledge which cannot be 
arrived at from any other source. Of this many examples 
will be found amongst the cases already detailed in this book. 
In order more particularly to indicate the method of investi- 
gatioa employed, and the mode of drawing inference from 
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the facts elicited, special attention is directed to the following 
selected cases. 

1. Electrical Reactions in a doubtful case of monoplegia^ sug* 
gesting its cerebral origin. — Case II. was that of a man who 
had suffered for four years from paresis of one arm, without 
any other definite symptoms. The fact of finding in so 
chronic an affection the electrical reactions normal, sug* 
gested a cerebral lesion ; for peripheral paralysis and disease 
of the grey matter of the cord being thus disproved, it was 
very unlikely that any morbid condition of the lateral columns 
would have remained limited for so long a period. The 
diagnosis arrived at was subsequently proved to be correct 
by post-mortem examination. 

2. Electrical Reactions in a doubtful case of monoplegia^ 
indicating it to be of spinal origin. — Case XY. was that of a 
man who had suffered for five weeks from pain and weakness 
of his right arm, with slight atrophy of the limb. The 
question arose — was this due to a cerebral, spinal, or a 
peripheral lesion ? The fact of the nerves being healthy 
to electrical tests proved that it was not the last, the muscu- 
lar degeneration indicated that it was not the first, but this 
occurring in both limbs, demonstrated the spinal origin of 
the disease. 

8. Electrical Reactions in a doubtful case of m>onoplegia indi- 
cating it to be of peripheral origin, — Case XXXVI. was that of a 
man who, after a fall, suffered from weakness of one of his arms. 
The fact of finding distinct abnormal electrical reactions ii^ 
one ulnar nerve, with the muscles it supplied, and the remain- 
der of the body being intact, proved the lesion to be a local 
one, and confined to the nerve in question. 

4. Electrical Reactions in a doubtful case of monoplegia sup'- 
posed to be dus to injury ^ but proved to be the result of progres- 
rive muscular atrophy. — Case LV. — A. B., set. 60, male, farm 
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labourer. The patient states that two months ago he was in 
good health, when he accidentally fell on a pitch-fork, a prong 
of which passed through the fleshy part of his upper arm 
near the axilla. He remained under the care of a local 
surgeon for some weeks, during which time he kept his arm in 
a sling, and after which the wound gradually healed. After 
this had taken place, the arm and band remained weak, and 
got thinner, so that he came to London for advice. 

On examination the general health was good. There waa 
considerable paresis of the left upper extremity, from the 
shoulder downwards. The muscles were somewhat thin and 
flabby, and those of the Land were distinctly atrophied. 
There was no loss of sensihihfy. The right arm and re- 
mainder of the body appeared normal. 

Electrical Reactions. — With both currents the nerve-trunks 
of the left upper extremity were normal, and the same as on 
the other side. Galvanism appHed direct to the muscles of 
the left shoulder and arm caused vigorous contractions, if 
anything, sUgbtly more marked on the paralysed side, and 
A.C.C. =C.C.C. The same reactions were discovered in the 
mnscles of the apparently healthy light hand, and here also 
the A.C.C. was found considerably increased. 

Several physicians and surgeons whom this man consulted 
came somewhat naturally to the conclusion, that the accident 
had, in some way, injured the nerves of the brachial plexus, 
and had, in consequence, induced the paresis and wasting of 
the left limb. In short, they considered the case one of 
traumatic peripheral paralysis, Electrical investigation, how- 
ever, demonstrated that the nerve trunks were perfectly 
healthy ; it showed marked alteration of the muscular struc- 
ture of the affected extremity, and finally it indicated, in 
what waa apparently a healthy limb, that this was under- 
going incipient disease, as yet too shght to interfere with 
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function. The resnlt arrived at from the investigation was, 
that the patient was suffering from chronic progressive 
muscular atrophy in both upper extremities : that the acci- 
dent had directed attention to his left arm in which the 
disease was furthest advanced, and that he attributed the loss 
of function to what was, in reality, an accidental complication 
of an already existing degeneration. This diagnosis was 
subsequently proved to be correct by the after progress of the 
case. 

5. Electrical Reactions in a case of double facial paralysis 
of cerebral origin on one stde, and peripheral on the other, 
occurring in the same individual, and showing the distinctive 
differences of response, — Case V. was that of a man who, 
among other disorders suffered from almost complete paraly- 
sis of both sides of the face. The electrical reactions on one 
side were healthy, while those on the other presented all the 
typical signs of nerve and muscle degeneration. This 
indicated that the former was probably of cerebral, and the 
latter of peripheral origin. The diagnosis made was, that 
there was a growth on one side of the brain, causing, by 
direct pressure, paralysis of the facial nerve on the same 
side, and by interference of voluntary transmission, induc- 
ing immobility of the face on the other side. 

6. Electrical Reactions in a case of supposed bulbar paralysis, 
proving it to be one of peripheral paralysis. — Case LVI. — ^A. S., 
SBt. 54, female, housewife. The patient states that she was 
quite well till six months ago. Then she began to suffer 
from general malaise and muscular weakness. This was 
accompanied with hesitation in her speech and dribbling of 
saliva from her mouth. These symptoms have continued 
very gradually to increase, till the present time. 

On examination, the patient is a delicate, nervous woman. 
She complains of great general debility, so much so that she 
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is unable to perform her ordinary tonsehold duties. There 
is, however, no actnal paralysis, of the limbs. The special 
Benses are normal and the intelligence appears intact. At 
rest, the face is not obaervedly altered, except that it is ox- 
pressionlesa, and the lower hp han gs downward leaving the 
mouth open. On movement the under parts, especially those 
abont the lips and chin, are distinctly defective in action, and 
are drawn slightly to the right side. Food coDecta in the 
cheeks, and the saliva frequently dribbles from the comers of 
the mouth. There is also some difficulty of mastication. 
The speech is sHghtly thick and mumbling. The movements 
of the tongue are deficient, and it is pushed over to the left 
side. There is no difficulty in swallowing. There is no 
apparent wasting of the face. The left side of the 
tongue is distinctly atrophied, it ie twisted, puckered, and 
covered with deep furrows. The right side looks normal. 

Electrical Reactions. — Faradism to the nerve trunks of the 
face indicates diminution, hut not total loss, of respoDse, 
especially on the right aide. Applied directly to the facial 
muscles a very strong current is required to cause contrac- 
tions. The right side of the tongue is also very sluggish in 
reacting, and on the left there is no response whatever to 
the induced current. Galvanism to the Facial nerve trunks 
also indicates deficient reaction, but when apphed to the mus- 
cles themselves the responses are vigorous, somewhat pro- 
longed, and A.C,C.=C.C.C. The continuous current to the 
right side of the tongue causes apparently normal reactions. 
On the left side they are comparatively increased, prolonged, 
ajidA,C,0. = C.C.C. 

This case bad visited many hospitals and seen many physi- 
cians, and the general opinion expressed was that the patient 
Buffered from bulbar paralysis. This view I shared before 
applying electrical tests. Thou, however, it was found that 
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these exhibited the reactions nsnally associated with Perl* 
pheral nerve paralysis^ instead of the mnscular degeneration 
alone, ordinarily met with in bulbar paralysis. But the 
question arose, how could disease primarily attack the 
facial and hypoglossal trunks on both sides, and ap- 
parently these nerves only? A post-morfcem examinationi 
however, solved the problem. It was then found that the 
pons and medulla were healthy, the facial and hypoglossal 
nerves were atrophied, the former chiefly on the right, and 
the latter most on the left side. These conditions were the 
result of pressure from extensive disease of the bones at the 
base of the skull, involving the foramina through which these 
nervous trunks passed. It is not asserted that in this case 
the exact diagnosis was determined or expressed before death* 
In spite of the similitude of the symptoms to a central lesioUf 
the peripheral nature of the electrical reactions were recog'> 
nised, but the symmetrical character of the affection did not 
seem to be explained. In the face of this doubtful problem 
an opinion was postponed, as it was not thought advisable to 
place these electrical phenomena alone, against all the other 
probabilities of the case. As the facts, however, turned outf 
if a verdict of peripheral paralysis on both sides had been 
pronounced, in accordance with the reactions obtained, in 
spite of its apparent impossibility, it would have been correct* 
7. Electrical Reactions in a case of extreme irritability of the 
spinal cordf showing abnormal reflex responses, — Case XLIV. was 
that of a young woman almost totally paralysed in her lower 
extremities. When the electric current was applied to any 
of the affected nerves, not only were there violent general 
movements of the various muscles of the same leg, but 
marked contractions ensued in those of the opposite limb« 
This indicated great general hyper-excitabiliiy, and more qb* 
pecially of the grey matter of the spinal cord. 
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8. Electrieal Reattums in a ease ofsufponedprogresm-e m'usndar 
atrophy proved to be dmpk emaciation. Case LIII. was a man 
sent into the hospital as an instance of progreasive jnuscular 
atrophy, and his condition at first siglit might easily have been 
mistaken for that disease. On electrical examination of the 
mnecles they were all found healthy, and this with the general 
circumstances of the case, suggested the diagnosis of simple 
atrophy from emaciation as a result of inanition. Tliis was 
snhsequently found to he correct, as after a reeidence of a fow 
weeks in the hospital, the patient completely recovered, 

9. Electrical Eeactiom in a cane of supposed simple emiuyiatitm, 
the wasting proved to be due to proyremve muscular atrophy. 
Case XVI. strongly contrasts with the last one cited. It ia 
that of a man who was admitted into the hoepital suffering 
from general debility. He was perfectly healthy till six 
months before, when he was seized with violent vomiting. 
This continued for some months, so that, being unable to re- 
tain the larger part of his food, h€ became very weak, and 
lost two or three stones in weight. He was sent into the 
hospital as a case of dyspepsia and inanition. On examina- 
tion, the patient was found generally much emaciated, there 
was no apparent special wasting of any individual muscle, 
and although all his hmbs were extremely feeble, no special 
paralysis could be demonstrated. On electrical investigation 
the nerve trunks throughout the body was found normal, so 
also was the action of the faradic current when applied 
directly to the muscles. The galvanic current, however, in- 
dicated marked reaction of degeneration in several of the 
mnsclea of both arms, especially those on the left side, some 
of them being increased quantitatively, with the anodal ex- 
ceeding the cathodal closure contraction. This led to the 
diagnosis of incipient progressive muscular atrophy, which 
was BO far justified by the result, that although the patient 
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remained a considerable time in the hospital under the best 
oiroumstanoes, his malady continued to progress. In this 
case the electrical reactions discovered and established a 
diagnosis which, without their aid, could scarcely have been 
even surmised. 

10. Electrical Reactions found abnormal in the muscles of a 
house painter y before there were any other objective symptoms of 
disease, — Case XLY. was that of a house painter who ap- 
peared at the hospital, as an out-door patient, suffering from 
trifling and indefinite dyspeptic symptoms, but without a 
suspicion or trace of paralysis. The nature of his occupation 
suggested lead poisoning of which, however, there were no 
typical symptoms. Electrical tests applied to the extensors 
of the hands and fingers, demonstrated a commencing de- 
generation of the muscles, although there was no loss of 
function, thus establishing the otherwise doubtful diagnosis 
of saturnine poisoning. The subsequent progress of the case 
further demonstrated this fact. 

11. Electrical Reactions in a case of supposed hysterical 
paralysis, proving to be chronic poliomyelitis anterior. — Case 
LYII. — M. S., sat. 21, female. The patient states that she has 
always been in good general health. She has been occasion- 
ally nervous and hysterical, but has had no definite com- 
plaints. Seven months ago she suddenly became blind of the 
leffc eye, but from this, in a few weeks, she completely recovered. 
Shortly after this she noticed, for the first time, weakness in 
the left leg, and this has remained and increased up to the 
present time. For some weeks past, in addition, she has 
experienced a sensation of numbness in the left hand, but 
without apparent paresis. 

At present the patient is a perfectly healthy-looking person. 
All the functions and organs are healthy. She can walk, but 
is very lame with the left leg. The foot is turned inwards, 
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and the toes drag along the groand. When the limb ie 
raised, the extension of the foot and toea ia very weak and 
imperfect. The movements of the knee, and other joints, 
appear normal. There is no marked atrophy, and the 
remainder of the body is healthy, 

Electrical Eeactwiis. — Paradiflm applied to the left external 
popliteal nerve showe very great diminution of responBe, as 
compared to the other side, and requires a much stronger 
current to produce muscular contractions. The other nerve 
trunks are normal. Direct to the muscles of the left leg 
there is slight comparative diminution to all, hut to the ex- 
tensors of the foot and toes the contractibility ia almost en- 
tirely abolished, with the strongest current, Galvauium to 
the external popliteal nerve, shows great diminution of re- 
sponse, and to the extensor muscles of the foot and toes there 
is also considerable diminution of reaction, the A.C.C. = C.C.C. 
and the contractions are stow and tonic. The other muscles 
of the leg, as well as all those of the other Hmb, are normal. 
On testing the arms, all the nerves and muscles are found 
healthy except the extensor carpi ulnaria, in which the ex- 
citabihty to fuxadiem is almost abohshed, and that to gal- 
vanism is increased, the A.C.C, = C.C.C, 

This young lady had been under the care of several medi- 
cal men, who unanimously pronounced her disease to be 
' Hysterical,' and she was treated accordingly. The above in- 
vestigations seem to have eBtahlished the fact, that whatever 
the word hysterical may mean, this was a case of chronic 
organic disease, and probably of tbc anterior cornua of the 
cord, as we find degeneration of both nerve and muscle. A 
year afterwards the disease had considerably advanced. 

12. EUftrical Jleactumg in a etue of tujipoted fei^gned parabjnl, 
proving to be Poli"myditi» anteritir acuta. — Case XXV,, was 
that of a young lady who was supitoscd by all her friends and 
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relations to be wilfully shamming, and was treated by them 
with great harshness, and by several of the leading physicians 
in London was said to be suffering from hysteria. The fact 
of finding extensive and severe degeneration of both nerve 
and muscle, demonstrated the existence of organic disease. 
The diagnosis made was acute poliomyelitis anterior, and 
the prognosis advanced was unfavourable. This has been 
so far established, that two years afterwards the patient 
could not stand, and the atrophy of both lower extremities 
has so increased as now to leave no doubt as to the serious 
a^d organic nature of the lesion. 

18. Electrical Reactions in the case of a patient demanding 
damages after a railway accident, proving under suspicious circum- 
stances the claims to have been a genuine one, — Case LIV., was that 
of a gentleman, who, under peculiar and suspicious circum- 
stances, claimed heavy damages after a railway accident. 
There were absolutely no objective symptoms in the case, 
except the electrical reactions, by which degeneration of cer- 
tain nerves and muscles was estabUshed. This proof of 
organic disease was the chief means of convincing a jury to 
award, as the plaintiff deserved, substantial damages. 

The above cases have been cited as illustrations of how 
electric tests alone have practically established the diagnosis 
with a certainty and accuracy which could scarcely have been 
determined by any other method. Such instances, although 
of the highest importance, are comparatively rare ; but in the 
large majority of cases of paralysis, electricity, if not abso- 
lutely essential to the forming of a diagnosis, is the means of 
giving it a facility and precision which has become indis* 
pensable to the neurologist. 

It was originally my intention to have formulated a table 
in which the electrical reactions were to be drawn up in 
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order, with their equivalents in the different forms of para- 
lysis. Such, however, would I believe be unscientific if not 
impossible, for as it has been already stated we cannot de- 
pend upon physical phenomena alone, but must rely on our 
general information. As a crepitation heard over the chest 
by a stethoscope does not by itself diagnose any particular 
disease, but only demonstrates a physical condition, which, 
in conjunction with other symptoms and signs enables us to 
arrive at the anatomical state of the lung ; so electrical tests 
do not specify any form of paralysie, but only indicate certain 
conditions from which we may infer the morbid lesion. At 
the same time whOe submitting that the real value of the 
enquiry is only to be gained from a complete knowledge of 
the subject, certain generahzatious can be drawn which may 
prove useful for the guidance of the student. 



Gekbeal Principles n 






' Paealybi; 



In a given paralysis, if the electrical reactions are perfectly 
normal, we may conclude, subject to the limitations already 
detailed, that it originates in an aSection either of the brain 
or of the white columns of the cord. This distinguishes it 
from paralysis due to degeneration of the grey matter, or of 
the peripheral nerves. Paralysis from cerebral disease is 
asually hemiplcgic, and from a spinal lesion, paraplegic in 
character, which constitutes a general distinction between the 
two. In irregular forms of loss of voluntary motion, such as 
in cross paralysis, or in paresis of one hmb, in either case 
dependant on disease of the brain, or of the white columns- 
of the cord ; the difference is not to be made out by electric 
tests, as in both cases these would be norma). Hence such 
would have to be determined by the general symptoms, & 
matter often of great difficulty. Fortunately paralysis of a 
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single limb from a£fection of the columns of the cord is ex- 
tremely rare. 

When the responses to electricity are greatly increased it 
indicates hyper-excitability of the nervons system, and when, 
in addition, reflex muscular contractions are produced in 
various parts of the body by stimulation of a nerve in the 
paralysed parts, it is further evidence of great irritability of 
the spinal cord, almost, if not quite, amounting to organic 
disease. 

Abnormal electrical reactions, especially if combined with 
qualitative changes, are evidence of disease, either of the grey 
matter of the cord, or of the peripheral nerves. If these 
occur in the form of complete paraplegia, the certainty is 
that the cord is at fault ; but if confined to the branches and 
muscles of a single nerve-trunk, the probability is that the 
lesion is one of peripheral origin. If one extremity or por- 
tion of an extremity is affected, the diagnosis is more difficult. 
In such a case the distribution of the paralysis is of great 
importance. When a limb has lost its power of motion a» a 
result of disease of the cord, the abnormal electrical reponses 
may exist in one of three ways. (a). They may be uniformly 
distributed throughout the entire paralysed member, all the 
muscles being equally affected. This takes place in gross 
lesions involving a mass of the structure of the cord. (6). 
They may be distributed only to certain muscles forming 
physiologieal groups, irrespective of their nervous supply. 
For example, all the flexors of a limb, or its extensors, may 
present abnormal reactions, although they receive their nu- 
tritive influences from different sources. This occurs in 
chronic affections of the multipolar cells of the anterior cor- 
nua ; and (c). Their distribution may be perfectly irregular, 
affecting the muscles neither in anatomical nor physiological 
groups. This often follows acute inflammation of the grey 
matter. 
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On the other hand, in peripheral paralyaia, we never find 
either the entire limb, or phyeiological or irregular groups of 
musclea, presenting signs of degeneration ; but these are 
distributed according to anatomical relations — in other words, 
to those structures only, which receive their nervous supply 
from a special nerve trunk, totally irrespective of their 
fanetion. 

Hence, in limited paralyeia, the great distinction between 
those originating in the cord, or in a peripheral nerve lesion, 
ifl that in the former the limb is uniformly affected, or its 
muscles are attacked in physiological or in irregular groups, 
while in the latter they are affected according to their 
anatomical distribution. 

Electrical phenomena also enable us to distinguish botwoon 
the different varieties of paralysis uriHing from dinease of the 
grey matter of the cord. If these, when abnormal, are uniform, 
and extend over an entire limb, we may conclude that the 
lesion is gross, i.e., occupying a mass of its substauue, as 
in myeUtis. If they are contined to certain physiological 
groups of muBcleB, the dieeaHB has generally boon clirouic, 
and imphcates the multipolar cells of the anterior cornua, ao 
in progressive muscular atrophy. And finally, if the degen- 
ated muscles are attacked in an irregular manner, neither 
according to distribution or function, the disease has usually 
been the result of an acute inQaraination of the anterior 
eomua, which has destroyed »otne of the nutritive centres, 
and left others intact, as in poliomyelititj anterior acuta. 

Again, the electrical reactions may dcmonstiate degenera- 
tion of both nerve and muscle, which, if acute, is evidence of 
infantile paralysis, and if chronic, of disease of the grey 
matter i^ matu: as in myehtis. They may also indicate 
disease of muscle with healthy nerve, which occurs in chronic 
lesions attacking the nutritive centres of the muBcle only, 
as in bulbar paralysis. If nerve is found deficient in re- 
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sponse, and muscle normal, it Bhows alteration in tlie former, 
the latter remaining intact, as is sometimes seen in the early 
stage of infantile paralysis. 

In cases of limited disease of the grey matter, where the 
lesion is confined to one or more foci, as in the so-called 
mixed, or indiscriminate forms of paralysis, the distribution 
of the abnormal electrical reactions gives an index to the 
amount, extent, and position of the cord degeneration. For 
example, in Case XXXI., a zone of reaction of degeneration 
existed round the waist of the patient, with normal pheno- 
mena above and below. This, accompanied as it was with 
complete paraplegia and anflDBthesia, indicated that a limited 
segment in the upper dorsal region was seriously diseased, and 
that the structure of the cord was elsewhere normal. If 
irregular patches of grey matter are similarly affected, sufficient 
to interfere with the nutrition of one or more of the an- 
terior roots, the electrical reactions will indicate a correspond- 
ing change at the peripheral parts. 

Such general considerations concerning limited electrical 
abnormalities as a result of disease of the grey matter of the 
cord, will usually enable us to distinguish them from one 
another, or from lesions of the peripheral nerves. 

In peripheral paralysis, the electrical conditions indicate 
with exactitude, the extent and distribution of the disease. 
Paralysis with normal reactions is evidence of a sHght and 
temporary form, the prognosis of which is favourable, suffi- 
cient changes having occurred to modify the transmission of 
voluntary impulses, but not to affect the nutrition of either 
nerve or muscle. Loss of response to the nerve trunks, with 
either current, points to nerve alteration, and this in pro- 
portion to its diminution of action. Loss of response with 
faradism to the muscle, indicates changes in the intra-muscular 
nerves, without necessary alteration of the fibres themselves. 
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THE PHACTicAL OTiLiTV Of electro- 
Loss of responae with galvaniBm to the mueele, bIiowb 
modification or doBtruction of the muBcular tissuG, and tliia 
in projioi'tion to the physical cliangea indnced. The various 
shades and differences observed in cases of peripheral 
paralysis have already heen described. 

Cases occasionally come under notice in which there is 
little or uo paralysis, and where there are no objective 
Bymptoms whatever. In these, early degenerations may 
sometimes be detected by electrical tests, before there are 
any definite symptoms, as was eeeii in Cases XV., XVI,, XL V. 
and LV. Even when there is euepicion of disease, it may not 
be readily detected, and the existence of electrical change is a 
physical fact which, if demonstrated, establishes an ofiier- 
wise doubtful diagnosis. Before sufficiently marked altera- 
tions havo ensued to enable us accurately to measure and 
compute their locality or distribution, this may frequently be 
done with considerable accuracy by the same method. 

Thus far, we may generahse with safety on the subject of 
electricity In diagnosis : to lay down more Etrict definitions 
would be too arbitrary. Douhtlesa, instances will occasionally 
arise, when all our moans of investigation combined, fail to 
determine the true natiu-e of the lesion. We can only hope 
that as our means of research im]irovo, these mysteries will, 
in the futnre, be solved, and that the art of electro -diagnosis, 
although as yet in its infancy, may, by further development, 
constitute one of the means to this end. 

General Suumahy of the Electrical Reactions in Pabalysis. 
1. In paralysis, when the aff'ecteJ nerves and muacleB 
display normal electrical reactions, it indicates that their 
structure is anatomically healthy. 

Quantitative increase of reeponso with ottlicr current 
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to nervey indicates augmented excitability of its substance. 
This may be due — a, to an irritative lesion — b. to absence 
of the inhibitory action of the brain. 

8. This increased excitability is usually slight in degree 
and temporary in duration, except in certain chronic irrita* 
tive lesions of the white columns of the cord, when it may 
be more permanent. 

4. Quantitative increase of response with the faradic 
current to muscle, indicates increased excitability of the 
intra-muscular nerves, due to the same causes as in No. 2. 

5. Increase of response with the galvanic current to mtiacle 
may occur under two circumstances — a. when the nerve trunk 
is not diseased, in which case it indicates hyper-excitability of 
its intra-muscular branches — b. when the nerve is degen- 
erated, which is evidence of commencing alteration in the 
nutrition of the muscle, as a result of the removal of nervous 
influence. 

6. Beflex contractions of muscles in different parts of the 
same limb, or in other parts of the body, following the 
electric stimulus of any special nerve, without any necessary 
quaUtative change, indicates extreme hyper^ excitability of 
the grey matter of the spinal cord. 

7. Quantitative diminution of response with either current 
to nerve f indicates alteration in its anatomical structure. The 
amount of decrease is in proportion to the degeneration of 
tissue, and when electrical action is abolished, the nerve may 
be considered as totally destroyed. 

8. Quantitative diminution vdih faradism to muscle indicates 
changes in the anatomical structure of the intra-muscular 
nerves, and the decrease is in proportion to the. amount of 
tissue alteration. 

9. Diminution with galvanism to muscle always indicates 
degeneration of its substance, and bears a relation to the 
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amount of the change, and this may occur with or without 
disease of the nerve, 

10. Qualitative changes in muscle always indicate histo- 
logical alterations in its fibres. There is no apparent 
proportion between the relation of one pole of the battery 
to the other, and the amount of anatomical change. The 
anodal contraction being increased, points to degenerative 
modih cations, 

11. Qualitative alterations in mmcle may occur indepen- 
dently of disease of neme, which may or may not be 
destroyed. 

12. In paralysis &om cerebral disease, it is the rule for 
the affected nerves and muscles to present normal electrical 
reactions, thus distinguishing it from paralysis due to disease 
of the grey matter of the cord, and of the peripheral nerves, 

13. In cerebral paralysis there may be sHght quantitative, 
but there are never qualitative changes. Slight increase of re- 
sponse being due either to an irritating lesion, or to a severance 
of the inhibitory influence ; and slight diminution being caused 
by disuse of the muHclea, or secondary degeneration of the 
nerves. 

14. In paralysis from disease of the wliite columns of the 
cord, the electrical reactions are also normal, and present the 
same phenomena as in nos. 12 and IS. This distinguishes a 
lesion of the anterior, lateral, or posterior columns, from dis- 
ease of the grey matter of the cord, or from peripheral para- 



15, The distinction between paralysis from brain lesion, 
and paralysis Irom disease of the white columns of the cord, 
cannot be detected electrically, as both are normal, but the 
distribution of the symptoms leaves littie difficulty in diag- 
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16. Abnormal quantitative and qualitative reactions al- 
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ways accompany diseases of the anterior comna of the cord, 
thus distinguishing the paralysis which ensues from that 
resulting from, disease of the brain or white columns. 

17. The electrical reactions in loss of motion from disease 
of the grey matter of the cord, although the same in kind, is 
distinguished &om peripheral paralysis, by the difference of 
its distribution. 

18. In paralysis from degeneration of the anterior comua 
of the cord, the abnormal electrical reactions may be distri- 
buted in three ways : — a. They may extend universally 
throughout a limb, which indicates that the disease of the 
centre is en masse, b. They may be confined to certain 
groups of muscles which act in physiological concert, irre- 
spective of nerve supply, pointing to chronic degeneration of 
the multipolar cells ; and c. They may attack the muscles 
in an irregular manner, which is usually associated with an 
acute inflammatory invasion. 

19. Quantitative and qualitative changes also occur in 
lesions of a peripheral nerve. These are to be distinguished 
from those associated with disease of the anterior cornua o^ 
the cord, by the fact of their being confined to the nerve and 
the muscles it suppHes. The distribution of the paralysis is 
therefore anatomical, rather than physiological. 

20. In disease of the anterior cornua, the electrical reac- 
tions may present three forms, a. The nerve only is de- 
generated, b. The muscle only is altered; and c. Both 
nerve and muscle are changed. Each of these show different 
clinical features, and constitute a different disorder. 

21. In peripheral paralysis, the extent, degree, and char- 
acter of the electrical reactions to nerve and muscle, give 
exact indication of their histological condition. 



INDEX. 



AoceaBories, Spetdal, 13; General, 14 
Accessor; Nerii?, 22 
Altemalion of CarreEt, 13 
Alternator, IS 

Amjotrophic Lateral Sclerosii, 111 
ADstoinicat cliange in Tiasaee, 62; in 
OoriJ, 63; in Motor Herve, 63; in 
MoBcle, 66; inConneetivaTiBBue, 68j 
in NBOroIemuia, 56 
Anatomy, IB; of Muaclei, 20; of Motor 
Points, 21: ofNerte»,BI; ofNervaa 
of Head and Neck, 32; of Merres of 
Upper Eitremitj, 24; of Nenea of 
Lower Eitremity, 26; of DeBp.»«»ted 
Nerres, 2? 
Anterior CruroJ Kerre, 26 
Apparatna, 7; Faradio Carrent, 8; 
Galvanic Carrent, 11; Colteetor, 13j 
BbeosUt, 12; Commutator, 13; Han- 
dle, IntBrrnplef, 13; Bbeolome, 13; 
Galranometer, 13j A ntlior'a Element 
Board, 14; Eheopborea, 16; Eleo- 
trodei, 16; Flat Plata Elect roclB, Ifl; 
Gaiffe'a Handle, 10; Author's Han- 
I dl*. 17, 

I ApplicBlion of Electricity, 28; Direct 
Method, 29; Faradian. U, Motor 
Pointa, 36; Faradiam to Muiole, 36; 
Paradiam toNerre, 32; Galrani.m to 
Motor Po Ota, 58; Galraniam to Mua- 
ole, 36; QaUaniBm to Nerre, 3S; In- 
direct MetLod, 29; Polar Method', Hit, 
Practical Detail* of, M 
Ataiy, aM Locomotor Ataiy 
Atrophy, Paialyaia from, lEl ; Progres. 

ai.0 Moaonlar, 08 
Author, Oombined Electrode of, 1?; 
Element Board of, 14 

Battery, Faradic, 8; Galranic, 11 
Braid, Paralyaia from Diieaie of, ttt 
Cerebral Parajyiia 



BolbarPnraljsia, 118 



Cerebrol Paralyaia, Beacliona in, 78; 
Normal Reaotioni in, 70; Increaeed 
Keactionp in, 81; Diminiahed Hflao- 
tiooi in, 82; Qualilatii-e Chnnaea in. 
83 

Cervical Pleina, 23 

Cerri CO- Facial Ncrye, 23 

Chanj[B», Analomical in TiBaaai, it» 
Anatomical Cbanf^ea 

Chormo Paralyais, 147 

Colleclor, 12 

Commutator, 13 

CoDclntion, lEG 

Condooting Media of Body, 47 

Ocmneotive Tieaue, CbangBa in, 66 

Oontio no Ds Current, II 

Contraction, Law of, 43 

Cord, noalthy Beactiona of, *1; fieac 
tiona after Injury, 68; Aoatomioal 
CbanBCa in, 52; Normal Eeactioiii in 
Diaeaae, 85, SO; Increased Boactiona 
in Diaeaao, 85, 86; Di.niniabed Beso- 
tiona in Diaeaao, 85, 1)7; Qualitative 
Heaetion. in Dlieaae, 86, 68, iI5, 123} 
Ecict ona in Paralytia of, 84 

Crural Nerve, 26 

CuiTflnt, Alternation of, 18; Cootiniioni 
or tialvanic, 11; Diffuaioo of, S3 
GradoatioL of, 13; Induced or Fani. 
die. 8; Interroption of in Health, 18 
Inlerrpption of in Diaeaae, 71; Bei 
reraion of, 13; Meaaaroment of. 13 



Degeneration, Beaction of, 60, 69; 
Modified Forms of Beaction of De- 
generation, 70; of Nerre, 68,- of 
Muacle, 66 

DiflTniion of Canentf, 33 



174 INI 

Dimiaiahed Reaatiam, in Pualyiii, 68; 
ia Broia Poralyiii, 82 ; in Cord Pira- 
lyaii, 8fl, 97 ; in Spoatia Paraljaii, 91 ; 
iDProgreiBiveUatoulorAtniphjp, lOBj 
in Pi)liom;elitiB Anterior, IIS; in 
Mrelitii, 132; in Peripheral Panlj- 
■ii, 129, ISt, 186; in Lead F>ni;iii, 
142 
IKreet Uethod of Applicktion, 29 
Diiease, Eleotricsl B«actiane in, 64 
DiMaKi, Spedal, 78; ol Braia.TB; of 
Oord.M; of Petipharal Norres, 129; 
of Doubtful Origin, m 
Donbtfol PanOfMB, ISB 



Ileotrical Beaotiong, in Eeslth, 41; 
tkft«f Injur; to Cord, 66 ; after Injur; 

to Nerve, 68; in Diaeaae, 61; in Dig. 
eaaea of the Bcud, 711; in Diieaaes of 
the Spinal Cord, S4; in Digeaaes of 
the Peripheral Nerve, 129; in Para- 
IjaiiofDoubtfulOriftin, 189; in Loco, 
motor Atai;, 60 ; in Spaatio Poraljaig, 
89; in Multiple Soleroaie, 92 ; in Para- 
lysis Agitang, 96; in Acute Curritare 
of Spine, 96; in Frogresgive Maaoular 
Atrophy, 98; in Pafludo-hypertrophio 
Faralygia, 107 ; iu Amjotrophio Lateral 
Sderoaia, 111; in Bulbar Paralyaia, 
113; in PoliomyelitiB Anterior, 116; 
in Myelitis, 123; in Hysterical Para- 
lygis, 139; in Lead Faralysia, 143; 
in Oboreie Paralysig, 147 ; in Paraly- 
aia from Simple Atropby, 161 ; in 
Faralysia of Ualingerers, 1G2; Theoi7 
of, 73; General Principlei of, 166; 
Qeneral Summary of, 169 

Electrodes, 16; Author's Oombiaed 
Handle, 19; Gaiffe's Handle, IS; 
Flat-plate Electrode, 16 

Electro- diagnosia, General Principles of, 
166 ; Practical Dtility o^ 166 

Element Board, Author's, 14 

Erb, on Higtology of Injured Natre, 64; 
on Hiatology of Injured Musole, 66 

Bxcititbilit;, BelatiTe ofNenreaand Mns- 
oles,47 



Facial Nerre, Z3 

Faradic Current, 8 

Faradigm, 6; Application to Nerre 
Trunkg, 82 ; to Motor Points, K ; to 
Mugote, SS; Effecta OB Healthy Nerre, 
42; on Healthy Mogcle, 46; on In- 
jured Nerve, 68; on Injured Hosde, 
69; on Diseased Nerre or Mnaole, 
64; Effects of iDtermptioo in Fara> 
lyeis. 71 

Fibres, Anatomical Chasgei in Nervous 
Fibre, 64; in Mugcular Fibrea, S6 

Flat Plate Electrode, 16 

Functional Faralygis, 66, 1S9 

Gaiffe'a Handle Electrode, 16 

Qalrauio Corrent, 11 

Galvanisni, 11; Application to Nerves 
and Muacles, 88; Effects on Healthy 
Nerve, 42; on Health; Unsole, 46; 
on Injured Nerve, ES; on Injured 
Huade, 60; on Diseased Nerve and 
Muade,B4, Effecta of Interruption in 
Health, 46; in Disease, 71 

Galvanometer, 18 

Qeueral Principles in Electro-Diagnosig, 
166 

General Summar; of Eleetrical Beae- 



Handle, Author's, 17; Gaiffe's, 16; for 

iDtermpting, IS 
Head and Neck, Nervea of, 93 
Health, Electrical Beactious in, 41 
Health; Beaotiong of Cord, 41; of Motor 

Nerve, 41; of Motor Points, 46; of 

Unacle, 46 
B;aterical Fsral;gie, 1S9; InoreMed 

Beaotions in 67, 140 



INDEX, 175 


IjfliH, 85, 96 J in Looomotor Ataiy, 


after Injury, CO; A n atom ieal Changes ^^1 


88; inSptaticPardjsiB.gO; in Mal- 


in, after Injary, 66; Regeneration of, ^^^H 


tiple Soleroaie, 93; ia ProgreBsi.e 


67 ; Inoreaaed Reactions when Pani- ^^H 


Moaoulsr Atrophy, 100; in Poliomy. 


lyaed, G6 ; Diminished Reacliona when ^^H 


elitia Anterior, 115; in Peripheral 


Pajalyeed, 68; Qualitative Beacriona ^^H 


Paraljais, 130, 131; in Hjaterioal 


when Paralyeed, 69 ; Effects of Inter. ^^H 


ParaljiiB, 141 ; in Choreic ParalyaiB, 


rupted currents on, 71 i Relative Ei- .^^H 


148 


cibabiUty of, in Health, 47, 50 ^^M 


Indirect Method of Application, BB 


Musctea, 20 ^^M 


Induced Cnrrent, 8 




Infantile Paralysis, IIB 


Myelitis, 122; Normal BeactiODain, 123; ^^M 


Injury to Nervona Tieenes, 52; Eeao- 


Diminiahed Roactioua m, 124; Quali- ^^H 


tioDs afler, &S 


talive Reactions in, 126 ; Limited Be- ^^H 


Inlemal PopUteal Nerve, 26 


in, 128 ^^H 






Paralysia, 71; of Faradism, 9, 71; of 


Neck, Nerves of, 22 '^^H 


Galvanism, 45, 71 


Nerve, BeaotioDsinHealth,41; ofFara,- ^^H 


Interrupting Handles, IS; Aothor'a, 17; 


diam, 42; of Qalvanism, 43; Bektiva ^^M 


Qaiffe-8, ]6 


Excitability of, in Health, 47; Ana- ^^M 


Interrnption of Current, 13 


toiuical EfiectB of Injury, 63; Ee- ^^H 


iBtiroduBtion, 1 


generation of, 55; Effects of Faradism, ^^H 




after Injury, 69; Effecta of Galvanism, ^^H 


Law of CoDtraction, 43 


Bfterlnjury,60: Normal Reactions in ^^H 


Lead PamlyBiB, 143 


Disease of, 64; Quantitative Changes ^^H 




in Disease of,e6; Qualitative Changes ^^M 


mal, 87 ; lacreaBod, 88 


in Disease of, 69; Effeclsof Interrupt- ^^1 




iue Carrents in, 71 ; Paralysis of, 129 ^^1 


Maliogerer-a Paralysis, 152 


Ner^ Trunks, 21, 27; of Head and ^^1 




Neok, 22 ; of Upper Eitremity, 24; of ^^M 


Median Nerve, 24 


Lower Extremity, 26; Facial, 22; ^^H 


Metbodi of Application. 28; Direct, 29; 


Tempero-facial, 22 ; Cervico-facial, S9[ ^^1 


Indirect, 29; Polar, 29 


Spinal Acoeasory, 22 ; Superficial Cer- ^^H 


Middle torma of Peripheral Paralysis, 


vical, 23; to Levator Anguli ScapuhB, ^^H 


133 


23; to Trapezius, 23; Ulnar, 24; ^^M 


Miied Beaotiona in Brain ParalyaiB, S3 


Median, 24; Maaculo-apiral, 26; Ad. ^^H 


Motor Nervea, see NerveB 


terior Crural, 35; Internal Popliteal, ^^H 


Motor Points, 21 ; Application of Fara- 


26; Eiterual Popliteal, 26; Peroneal, ^^H 




2a; Application of Faradism to, SZ; ^^M 


to, 38; Eff^jts of Electricity on, 4B; 


Application of GalvaniBm to, 38 ^^H 


RelaUve Excitability of, 60 


Nenrolemma, Changea in, 54 ^^H 


Multiple Soleroaia, 92 ; Normal Reac 


Normal Electrical Beoctions, 41 ^^H 


tions in, 93; Inoreaaed Beactlona ia. 




M 


Motor Nerves, 41 ; of Motor Points, ^^M 




45; of Mnsclc, 46; in Paralysis, 64; ^^M 




in. Brain Paralysis, 79; in Cord Para- ^^M 


focta of Faradism on, in Health, 46; 


lysis,S5; in Peripheral Paralysis, 131| ^^^| 


Effects of Ualvanism on, in Health, 


in Funotionol Paralysis, 05, 139 ^^^| 


46; EffoctBof Faradism on, after In- 




jniy, 50; Effects of Galvanism on. 


Paralysis, General Principles in Electro- ^^H 


^ 


M 



176 



INDEX. 



Diagrnosis of, 165; General Summary 
of Reactions in, 169; Normal Reac- 
tions in, 64 ; Quantitative Changes in, 
65; Qualitative Changes in, 69; Ef- 
fects of Interrupting Currents in, 71; 
Increased Reactions in, 96; Dimin- 
ished Reactions in, 97; Theory of 
Electrical Reactions in, 73; from Dis- 
eases of Brain, 78; from Diseases of 
Cord, 84 : Peripheral, 129; of Doubt- 
ful Origin, 139; from Locomotor 
Ataxy, 86; from Lateral Sclerosis, 89; 
from Multiple Sclerosis, 92; from 
Paralysis Agitans, 95 ; from Progres- 
sive Muscular Atrophy, 98; from 
Pseudo-hypertrophy of Muscles, 107; 
from Amyotrophic Lateral Sclerosis, 
111 ; from Disease of the Medulla, 113 ; 
from Poliomyelitis Anterior, 115; from 
Myelitis, 122; from Slight Form of 
Peripheral Paralysis, 131 ; from Mid- 
dle Form of Peripheral Paralysis, 133; 
from Severe Form of Peripheral Para- 
lysis, 135 ; from Hysterical Paralysis, 
67, 139; from Lead Poisoning, 142; 
from Chorea, 147; from Simple Atro- 
phy, 151; from Malingering, 152; 
Functional, 66, 139; Glosso-labio- 
pharangeal, 114; Infantile, 115; from 
Railway Accident, 153; from Mechan- 
ical Pressure, 83, 137 

Peripheral Paralysis, 129; Normal Re- 
actions in 64, 132; Increased Reac- 
tions in 65, 131 ; Diminished Reactions 
in, 68, 133 ; Interruption of Currents 
in, 71 ; Slight Form of, 131 ; Middle 
Form of, 133; Severe Form of, 185; 
from Mechanical Pressure, 137 

Peroneal Nerve, 26 

Pfliigers, Law of Contraction, 43 

Plate Electrode, 16 

Plexus, Cervical, 23 

Points, see Motor Points 

Polar Method, 29 

Polar Reactions, 43 

Poliomyelitis Anterior, 115 

Popliteal N^erve, External, 26; Internal, 
26 

Practical Utility of Electro- Diagnosis, 
156 



Principles of Electro-Diagnosis, 165 

Qualitative Changes in Paralysis, C9; 
in Brain Disease, 83; in Cord Para- 
lysis, 98 ; in Peripheral Paralysis, 135 

Quantitative Changes in Paralysis, 65 ; 
in Brain Paralysis, 81 ; in Cord Para- 
lysis, 96 ; in Peripheral Paralysis, 131 

Railway Paralysis, 158 

Reaction of Degeneration, 60, 69; Modi- 
fied Forms of, 70; in Brain Disease, 
88 

Reactions, see Electrical Reactions 

Reactions, Polar, 44 

Regeneration, of Nerve, 55; of Muscle, 

67 

Reflex acts in Hysterical Paralysis, 67 

Relative Excitability of Nerves or Mus- 
cles, 47 

Researches, Experimental, 52 

Reversion of Current, 18 

Reversor, 13 

Rheophores, 16 

Rheostat, 12 

Rheotome, 18 

Sclerosis, Amyotrophic Lateral, 111; 

Multiple, 92 
Severe Form Peripheral Paralysis, 135 
Simple Atrophy, 151 
Slight Form Peripheral Paralysis, 181 
Spastic Paralysis, 89 
Spinal Accessory Nerve, 22 
Spinal Cord, see Cord 
Spinal Paralysis, see Paralysis 
Summary of Electrical Reactions, 169 
Superficial Cervical Nerve, 28 
Superficial Muscles and Nerves, see 

Muscles and Nerves. 

Tempero-facial Nerve, 22 
Theory of Electrical Reaction, 78 
Trunks of Nerve, see Nerve 

Ulnar Ner.e, 24 

Utility of Electro-Diagnosis, 165 

Voluntary Muscle, see Muscle 



DESCRIFTION" OF PLATE I. 
SuPiBFicui. McecLBa i.iiD Nbbvss of tbb Head Ann Nbce. 




Motor point of Corrugator Supeccilii muscle. 

Motor point of Frontalig muscle. 

Motor point of Anterior Auricular muscle. 

Motor points of Orbicularie Palpebrarum romcle. 

Motor point of Pyramidalia Nasi muscle. 

Mntor point of Triangularis Nasi muscle. 

Motor point of Levator Labii Superioris Alceque Nagi m 

Motor points uf Orbicularis Oris muscle. 

Motor point of Levator Labii Superioris muscle. 

Motor pnint of Levator Menli muscle, 

Motor point of Depressor Labii Inferioris muscle. 

Motor point of Depressor AnguU Oris muscle. 

Masseter muscle. 

Motor point of Levator Anguli Oris muscle. 

Motor paint of Zygamaticus Miijor muscle. 

Motor point of Zy?omnticiis Minor muscle. 

Nerve Trunks of Tempero- facial nerve. 

Nerve Trunks of Cervico- facial nerve. 

Motor point of Stylo-hyoid muscle. 

Anterior belly of Digastric muscle. 

Motor point of posterior belly uf Digasliic muecle. 

Trunk of Hyposlossa! nerve. 

Motor point uf Sterno-mastoid muscle. 

Trap.-ziua muscle. 

Motor point of Spleniua Capitis muscle. 

Spleiiius Colli muscle. 

Levator Anguli Scapulee muscle. 

Posterior S^'alenUB muscle. 

Middle ScalfDus muscle. 

Anterior Scalenus muscle. 

Posterior belly of Omo-liyoid muscle. 

Stemo-hyoid muscle. 

Motor point of anterior belly of Omo-byoid muscle. 

Motor point of Thyro-hvoid muscle. 

Mylu-hyoid inuicle. 

Hyo-glossus muscle. 

Trunk ol .Superficial Cervical nerve. 

Trunk of external branch of Spinal Accessory netve. 

Tnmk of branch to Rhomboid and Serratus muscles. 

Trunk of branch to Levator Anguli Scflpul^ muscle. 

TrLink of branch to Supra- and Infra-spin at us muscles. 

Trunk of Phrenic nerve. 

Trunks of Of rvicalPleitua. 

Motor points t>( Buccinator muscle. 

Motor point of Sterao-hyoid muscle, 



DESCRIPTION OF PLATE II. 

SuPBBFiciAL Muscles and Nerves of the Akterior Aspect 
OF THE Trunk and Upper Extremity. 



1. Motor point of Pectoralis Major muscle. 

2. Brachial Plexus. 

3. Motor point of Serratus Magnus muscle. 

4. Motor points of External Oblique muscle. 

5. Motor point of Latissimus Dorsi muscle. 

6. Motor point of Internal Abdominal Oblique muscle. 

7. Motor points of Rectus Abdominis muscle. 

8. Motor point of Deltoid muscle. 

9. Motor point of Biceps muscle. 

0. Motor points of Brachialis Anticus muscle. 

1. Triceps muscle. 

2. Trunk of Median nerve. 

3. Trunk of Ulnar nerve. 

4. Trunk of musculo- spiral nerve. 

5. Motor points of Pronator Radii Teres muscle. 

6. Motor point of Flexor Carpi Radialis muscle. 

7. Motor point of Palm&ris Longiis muscle. 

8. Motor point of Flexor Carpi Ulnaris muscle. 

9. Motor point of Supinator Longus muscle. 

20. Motor point of Flexor Sublimis Digitorum muscle. 

21. Flexor Sublimis Digitorum muscle. 

22. Motor point of Flexor Longus Pollicis muscle. 

23. Flexur Profundus Digitorum muscle. 

24. Motor point of Abductor Pollicis muscle. 

25. Motor point of Opponens Pollicis muscle. 

26. Motor point of Flexor Brevis PoUicb muscle. 

27. Motor point of Adductor Pollicis muscle. 

28. Motor points of Lumbricales muscles. 

29. Motor point of Abductor Minimi Digiti muscle. 

30. Motor point of Flexor Breyis Minimi Digiti muscle. 



DESCRIPTION OP PLATE III. 

SuP£RFioii.L Muscles and Nbrvbs of thb Postvezob Aspbot of 

THB Trunk and Uppbb Extrbhitt. 

1 . Motor point of Trapezius muicle. 

2. Infra-spinatus muscle. 

3. Rhomboid Major muscle. 

4. Teres Minor muscle. 

5. Teres Major muscle. 

6. Motor point of Latissimus Dorsi muscle. 

7. Trunk of Circumflex nerve. 

8. Trunk of Musculo- spiral nerve. 

9. Deltoid muscle. 

10. Motor point of long head of Triceps muscle. 

11. Motor point of external head of Triceps muscle. 

12. Motor point of Brachialis Anticus muscle. 

13. Trunk of Ulnar nerve. 

14. Motor point of Anconeus muscle. 

15. Motor point of Supinator Longus muscle. 

16. Motor point of Extensor Carpi Radialls Longior muscle. 

17. Motor point ofRxtennnr Carpi Radial Brevior muscle. 

18. Motor point of Extensor Communis Digitorum musele. 

19. Motor point of Extensor Indicis muscle. 

20. Motor point of Extensor Minimi Digiti muscle. 

21. Motor point of Extensor Carpi Ulnaris muscle. 

22. Motor point of Flexor Carpi Ulnaris muscle. 

23. Motor point of Extensor Ossis Metacarpi Pollidt mu«ele. 

24. Motor point of Extensor Prim! Int^modii Pollid« mtueU* 

25. Motor point of Abductor Minimi Digiti. 

26. Motor points of External Jnterroseei mufclef. 

27. Motor point of Adductor Pollidi. 



DESCRIPTION OF PLATE IV. 

SuPBBFioiAL Muscles and Nerybs of thb Antbbior Aspbct of 

THB LoWEB EXTBBMITT. 

1. Trunk df Anterior Crural Nerve. 

2. Gluteus Medius muscle. 

3. Motor points of Tensor Vaginae Femoris muscle. 

4. Motor point of Sartorius muscle. 

5. Psoas and Iliacus muscles. 

6. Motor point of Pectineus muscle. 

7. Trunk of Obturator nerve. 

8. Motor point of Adductor Longus muscle. 

9. Motor point of Gracilis muscle. 

10. Adductor Magnus muscle. 

11. Motor points of Rectus Femoris muscle. 

12. Motor points of Vastus Extemus muscle. 

13. Motor point of Vastus Intemus muscle. 

14. Trunk of Peroneal nerve. 

15. Motor points of Soleus muscle. 

16. Motor point of Peroneus Longus muscle. 

17. Motor point of Extensor Longus Digitorum muscles. 

18. Motor point of Tibialis Anticus muscle. 

19. Motor point of Peroneus Brevis muscle. 

20. Motor point of Gastrocnemius muscle. 

21. Motor point of Peroneus Tertius muscle. 

22. Motor point of Extensor Longus PoUids muscle. 

23. Motor point of Extensor Brevis Digitorum muscle. 

24. Motor point of Abductor Pollicis muscle. 

25. Motor point of Abductor Minimi Digiti miiscle.r 

26. Motor points of external Interoisei masdes. 



DESCRIPTION OP PLATE V. 

SUPBRFIOIIL MUSOLSS AND NlRYBS OF THB PoSTBBIOB ASPBOT 

OF THB LOWBR EXTBBHITT. 

1. Gluteus Medius muscle. 

2. Motor point of Tensor Vaginae Femoris muscle. 

3. Gluteus Maximus muscle. 

4. Trunk of Great Sciatic nerve. 

5. Motor point of Vastus Externus muscle. 

6. Motor points of short head of Biceps muscle. 

7. Motor point of long head of Biceps muscle. 

8. Motor point of Semitendinosus muscle. 

9. Motor point of Semimemhranosus muscle. 

10. Motor point of Adductor magnus. 

11. Gracilis muscle. 

12. Sartorius muscle. 

111. Trunk of Internal Popliteal nerve. 

14. Trunk of External Popliteal nerve. 

15. Motor points of Gastrocnemius muscle. 

16. Motor points of Soleus muscle. 

17. Flexor Longus Digitorum muscle. 

18. Trunk of Posterior Tihial nerve. 

19. Peroneus Longus muscle. 

20. Peroneus Brevis muscle. 



